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I Dectructive Testrg

2« Womn  Desbsuctive ‘T"&Q{‘:luﬁ

Destyuctive Testing ©

~ Degty u ctive “l:@é?'U:v\g N el eeoles m ¢€hod &
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¥ Tensile testing is a Jesbsuctive test

Process that Frovided Nfoy matlon obout

the  tenside  Sovength, Yiedd Strength,

and  Auctti®y  of e o metallic

medtosicd

% A haydness dest is a. method empibgep!t-[:b

measwre +he  haxdness of A yaterial.

Navelness vefers to a Materials ¥esistance

t6  Peywmanent indentotion.

% The £ive wost Common hardbhess Sealesg
ae

x Knoop

X VicKers

X RocKwed)

> pYinedd

x Shore_

AN ImPack test s a technigue Loy

determining the  behaviouss of matesial

Supjecied 0 Shock Laceding ' bendig,

tengion amd €oyson.

X metel  industsy Sectsre Hhok E the

impact 03t is Ajsted below.

bk 0i [ amd Gas % Aevospace. ¥ Powey grreracior

X AU motive X Nucleay



Non Aegtructive. £esting/NDT) 7
X NDT ie the. Pryocese of ingpectaing ,
festing oY evaluwting Mmakriall,
Components oy agge_mbjieg For olis continci-ees
wsithout — dostyoymy the +he Se¥Viceability
of the  part or SYstem.

Benefitd -

% Lpss waste o) Sampleg

!—K Less dApeontime

X Aclident preventisn

* Tnereaged  pyoduct veliability

TYPES OF Non ologtyuctive festing
X Ligoaad 'Pmbm,nt sk '

+* Magnetic pPastcle test

*® Themogrophy €St

K Radio gyerlic

X Eddy  Cusvent

2% Udtrosonic

—K Rcoudtic emiSSon

L'_’ "_Z_E‘{A Peretnrant o8t

[T easyto e amd economical




* The Specimen 16 Coated «~ith a Yed
HLigead Ay e Niich  8Beaks o fhe
Surface — CVocK oy Ao

¥ The_ Ageid rs then washed, ¢fF-
and. the Part duried

X A dosedoper (S SPYoues| on the fare

% Flows  and  cracrg Shew uf
ved agodnst the White bacK 9yotund
ot the — Aevelorer

Magn&&i‘c Posticde. tegt

| X Thrs -test f_s ULS@QQ-ED Aetoct £ ' Lo

on oy Theax the Surtace of Tyon —baded

| metals.

E%The Pt fs Flwst h(\é??ﬁ)r\J.fa,-(iE“zeoﬁ=

A T4 ts then either dugtzd with £ine
yon  powdes ov Coodeol with e GoLukion
“n whide von  posticled oxe Suspended.

X Flawes in the  workprece  Canse the_

Lines of wmaguetic Force become
Miciorted and break thouh the Suface.

X There <hey atbact Co ncentraeons
of the. Jvon pPasticles which yevead

|
E dedects i the me-tal .
T_...__._..._U.__
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4. Eoanate. Condiclate matsiodd 13
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by tha olesigner | wesultivg n fallwe
X The design  pPyocass often continwss
even ooy a.  Pyoduck is established
awod Usidely  Sistmbuted.

| Development of testing

% measwsement of the Charvactesistics

avd  behatior of Such subStances asg

metals, Cevamics oY Plagtlics tmder

| Vagsioul  Condi€ions -

X stomdard  fest wethedd have been
EStablished by cuch hotional and,
Thrvnationad  bodies ag the Inty—

- Yhotionad. g{ﬁ&h?&&ﬁfom Loy

Stom doyd TZatton (T90).




Ragtc ckawwr 7 oo y)

)

g 'TQ"" sec-&am |
( e m » 1—7 pep Lacement; | | USTg S ngle.
st — tedwmigue
( Ctmah&mmv\g {/ e ‘j.ofr';‘
( C GJ,Z BXCL-%E on 7 Caﬁbm@oh 'EDG-CV‘\\’S
| ' oddpcataond
Nears— foxm actions Mediwm -Texm r
Reseansch [org ~Te¥m
Needs M

Foy ynudaeion n test develspment

Stages i Ao vedsement of- £o0eg

s

T_MpRoOVE

arnd yedesign

ﬂ?é&ifne,.
] oﬂQx\'ﬁ'}g
<the_ need
arnd Congnsounél

DEVECOPMENT
OF

a.SY\eiQd@l

TESTING

TEST

amd, evelliodf_
| ~the_ pyolotype

N

2\

RESepRret |
+he_Pyodom
|

TWMacNE
Possiple
So Lutiong

CRERTE
a_ Peotstyre

iy

PLAN

Pyomising
SD.LLH:(OY]

_J

Sedoceivg a




@ Tdontisy the need L define the problom

X A Pyoblem Can be -?@w&wﬂ ag o
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cod tho desived  Sieuation .

¥ pegelspment 0F Voxies time, CoSt,
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te g el
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PYocess by WSy Knowdedge of the-
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X The 8ize. of the testing s dependent
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% The develspment testing plan wetheds s i

done. USING  various -teckniqgues of I¥o-Phical
Presentation Such as AubCAD, cREO and

ANSYS, etc.
x The Material testing code booK gives the
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x TIn waking 4esign decisions +hat invelue
Sofedy and dusabidity | the concept of
O Sadety factsy 18 ofan wlded.

* The Sadewy Factor M Stress 18 the
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(F) construct a-  Prototype

-96 The. mMotexials that widd be uged in Final

testing  wethods moy be exrengive or
AdifFicale o Fabricote , So  Prototyees may
be  wnade from different wmateriads
than the. $FHnal Preduect.

%é A Prototyre or trial mModel 18 often
. Moade  and Subjected to  Simudates

Sexvice. +esting to dempnstrate whether
it 1S Fumckong  pPropexly.

X PYotoYpres are genevaldy wade with much
cloger Inclividual Ingpectton ond the
ASSumptlon  that Some.  aocjugtment 07
e work widh be. pawt of the Sabyication
PYoce ss.




(o) Test and E Vadxw@ ‘H\& P‘erotO*l::fj = a
S I+ 18 rmpo"r-l:wn{: 0 *[:6&9*[: and Q\fozhl.ﬂtte,
the protatype.  along the way Jor
Funchonality  usefudness and Sadety.

% The 4inal Pyoduce way be Subject
to oo numbey of Juality  aSSwsance
tests o veridy  conformance. with
Arawings oY Specidications.

Testing Equipment
i v
- Run +the tests |

(pass)
MoKe a Jdittde
change. for Sifferent
Ci&SS 0»5- W\O;‘&QJI\Q&/
) | Vem, etc

(pevedrement

us)
Run the. Ttests i
et
\l/ C'—T—'} Pass, Aevelopment S—bOPS)

Finish

Evaluotion of Prototype

X The Hadwre of pProtoype lead 0 choosing
afternatives amd  TedesiIn the Section




% A PropWpe MMay alSo be Subjected to
simuwdated Service +estmg untldl either
o mechanical Faidwe ocenrs, Perhaps
by Jatique |, cveep, wear amd Co¥rpsion.
The de€sign i proven 4o be Teliable.
This 18 cadded A uwsability testing.

Q'D commun;cate. the. erS{gﬂ

% communication  desigh 15 a mixedl disdpline.
betuween design and  MFormation dovelopment
which 18  concerned With Sich as printed,
C Yafted e lectsonic media. 0¥ Pregentodions
to  cowmmunicate with People Sor

Overcowming Some wnyeliakle Pyobloms,
(&) Re desisn

X The. Yedesign 13  approached ©ocisting
testing  techniques 15 outdated For the
Pregsent waterial8 amd 0 winim; zing

the.  cadlibryation.
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Testing Organizakions .and itS aowmitiec. J
(180>
|- Intennotional organization foy  Stamdaxdi 2ak5N

X The intexrmesionad OTBamizaction +0r
Stom dord) Zeotom (Ts0) i3 an Mmternational

Stamdard  Setting body composed of

repreSentotves  from  Various Nationad
Stamolord s OYgaJan_o;u‘gnS '

7150 18 & voluntany owganization whose
Members are Tecognized authorities on
Stamdards  each one TEPYElenting one country,

* Members meet anualdy at a geneyal
assewbly to discuss the strafegic

Ogjec-(:z\veg
of TSo. The 0¥9an;zation

1S Coordlinated
b}j a Cent“m& Se cyetayiat baged in Greneva..

!

2 ASTM International

% ASTM international, Formerdy known ag

Amexican Sociey 0T TRSENS and Materials,
1§ an  international  Standands Ov9anization
that devedops and Pubdishes Vo Jun tary
consensus technicak Stamdawds For a
Wide  Yarge of wmaterials, PYoducts,
SYstems  and  Servvices.




B BUyveaw 0F Tndian S“Eﬁdﬂciaffdg (E‘iS)

X BTS Js the Nationad Standasd Body of
Tydia established wndesr the BTS Act
Qolb dor the. dovelopment Of the actvites
of Stamdoardiz ation marking and 9uality
Cevtficotion of Joods and For mattexs
Conyected thevewith.
* 8IS hag been  provicling tangibility benefits
to the nationad  €Conomy n a. number of- Nay g
,% PY¥oviding Soafe weliable Juality Joods
ey Mlntmrllﬂg heatth  hozawds +to Consumers
I%P‘rowhﬂﬂ exposty amd IMpowts . SUbSHtte

| @ 0¥ganization of 8IS

%WQ 0T Janizaon  of Rr1g8 Consgists of
| Joldowsing  wmempers

XK Grovemning  Council Mewmbers

X Ede cutive Committee.

X Administyative. Sbyuctuse.
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'(HD other Tegting _0Ygan; zaHons

¥ The wnadionad Metrological Insetuws CNMI>
Namedy National PhySical L aboyatsyy(nNre)
amd  Bhabha Atomic Reseawch Cenﬂ'e@mc).
X The Stomdavd Bodies Namedy Buwread
0f Tnolian Standarols (BTS) amd
Stanclaxd 1z ation, TeStng amd 9 uality
cevvficotion (TR

¥ council For Trndustriod and scientific
Re geaxch <CSIR>/ +he obhey Roavd 8 OF
Quatiey councl Of Tnolia( T, the
Othar BTN 2 aiong  wndle nodal
wainistry e, Mnistry O Tnolusosy
and  Commerce. ase the bedi€s yedated
o NABC.

Testing  Stomdarols

K sowe. of the et giomlands Codes
Soldpwed M Tnoliee

. RocKuweld hanolness T%t(ISl |5%’?_DOO_>

(;r,s 229 - 9005 RA—-2011)




3. Tmpact tests (charPy V-Notch amol T Zop Tests)
( T5:1957-1988 amd 181598~ |977RA-2009)

4 Tensile Test (T8 11608-2005 Ra-2011)

B, Compyession Test (IS 1 Iéog—zpoS/Igo ﬁrsee—l@

[« Bend Test o1 metnl Prodlucts
(TS : 1599 - 1985 RA-201)
- Sheaw Test (:1:3:5242— 1979 RA»Q.ODQ)
. Ream or Jloxured bendlivg Test
(18 16- [959)

9. To¥sion tesSt amd  Fatgue test

(15 Bo?4- 19k k- 200l amd T8 15075 - 1985
RQ—ZDOO

6. Trdian Stamdawd Mechanical Testing
of Metalg Tensile Testing CIS:IEOQ-H?B)
1. Metaldlic matorials — Bend Test

( Ts 1539 -20/2.)

X for  ald the -tests AeScribed In this

Section, the. methed ag specified n

Yedovant T80 Stomdawd May olso b€
Jollowed as an adteynate method ~




Advantages of Testing .

- Sadety Tssues  Cam be ' olentefied

X The +ests arxe Cayyied out to enswse
 Product Safety amd also to MaKe SUFE
the. PevSen  Canyyiry out ‘the worK

- on  any wmachinerg 0¥ Coponents.

14 Sage. oo .

!_ % In W\eckanfc'.a& {festing | +the %Uif’men{:
i glass

testing aweo. 1S coveved with
Platoe. o Present VoM Shattering
. of test Piece. out OF equipment.

¢ most  No - AeSructive tests ave-

| harmdess +o ﬁﬂumams/ a ) thowgh teste

| Tnveduing Yadiographic Wyt be casmed
sut  wndey  Strick  Sethings. AL fogee
must enSuye that Produces ave
Aeft CemPlaﬁeLy Mmmgggg(
2-Tt Pyownides ye liakbt ity

3~>@I’£ worKews (h thdudery wamt yelickle
 and accubate results, add meaterials
testing  widd  offer Shdiledy.

|
|



3. Tt 18 cost CfPedctive ko
% These g of wLES cam alSo jngighed
Thot Con  Yegult in the ectrve
Yeplagement OY yepawr Of CoynpONents
oy equipment befove a veal malfunceion
oy breakdsum occurs, Which wild save.
moYye money  in the. fw“ﬁ 2ym .

4 Tt eHers reasSuyance

i

I
|
.l
l
l

l—)‘r Reasswrence ig o Simple thivg) but
T ocan  Sometimes be the  most  Mposdtant
advopddge. €5 tegtng  mathsdd -
'9(: The  operotion of teting eguipment
bely  harmles®  and i€ alo helP 4o
- Prevent Mjury.
K when  worKers Know they are Safe
| they feel wove secure and Hhis is

|
Some'l:lnfnj that can benefit pyoductvity
amel  OUtput




Resutt Analys 18 (or) PmSen-[;atta on 05— P\eg wlt

X It is Very important by Shanrmg —&E\&
Knowledge of- wesult or Ao yetopment with
atheyS  which loads € +he Vaxitols
dovedopment of test \@suﬂ‘% by other

Scientist oy yeSearchers.

N The Steps 4o be Followed For Aolowipsion

~ 0F teSt veport.

% Statoment of the. Probloms

|,>€ Makorsials , Methody and  pyocedure
used oﬁwm_r}ﬂ {egting

K Result anedysis

X Suwewmary | concdusion  amd discussion

X Rerendices o support  findivgs

1. Sfafamort of the. PrebLoms

—

¥ Stotoment o the. probloms AeScyibes
the. obJectves of- tegting Which
mtends  about Pyoblem.

2. Materialg, methedg and  Pyocedure used

duwrsing testing
X Madesials, ynethodd amd Proceolure. uged
Auning €989  gection I neduded  ~
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the. materied <o  be TIS&“H:QO‘, +the conditions

of testng  Specimen, Tmportant  appagatils
uged fox testing amd the wWeyoy Procesure
Followed by tecting which ie Yeferenced
Svomn the. Indian  Stemdand Codeo- booKs.
3. Dot presentelion and  Result anayss

X The Tesudt olata Presentod by Plattg,
| It In Variows wethods with PYOPEY LS
698 igned -
XTn every wethod of Y@SME  Prefentartion
| the Stedoment of wegu 18 Swmynany zed
| with the  Signifemee. of v oderials.
K The yesudt omd%‘er‘s 's dove. by
Vorsi ous  ‘methods
% charts
X Gryaphg
X Tabulation
X< Stode ment
% Analyt € SoftWare
(@ charts & Graphs
X A chavg dispPluys Scheynatlce Pyocesses
based on the outcome. and Validiyy,




X% GfYGPhS} wsed . djspvﬂ,@_ﬂ CoPoUr T SoNS
between 2 Variables .
Eccampte: fane. avawhs invelue an X-axis

hoviZzontaly amd a Y- axls Vewticaldy

on a ayid .
(b) Tabudation
X Tabalation 18 a  Suctematic and Jdsgicaf
| Presentatlon of Mumerc data i Yows
o omd columng s foci itk
Comparisoy amd Stetistical — amalysis
| aclompanying  with Sumwmarizing Yesalt.

\ _m_c_ﬂho'é’ objectives o4 Tabulation

I% TO SFWP&E}B the_  complox. Aota

X To bying out egcential Jeatures

0 the Dake

¥ To dJacilitete  Covapasison

X-To Sacilitate Stotistical canalysds

%&ming 64 SPacé_

() Statoment

X Sfpfement Stoactistics 15 o fForm  of-
matho metical  analygls that wvies
Juantified  odels, yepyesentattons  andl
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Synopges FOT o given set of estperimental

data of Yead -Jife studees.

X Statistics Stofement Studies wethodslegy
to  Jather, Yeview amadyze and dveuw
concdusions #rom Aadta .

gxample:  The wesudt of 28 days Strength

| of Silicon wided cube 18 257Y. Jyeator
than o conventiaNall concreto.

@) Anadytlc  Sof-twae

K Softwaxe analydis s the analytics Specefic
+to the  odomeun oFf Softwave  Gystems

Ints  oLecoumt  Spurce code, Static and
O%Y\am (C C oo ctextstics

i94‘—5!0\/”’\ MATERIALSE STUDTIO - NMedessialS Stuelso
addows  You to easidy buidd, moolidy,
Vrsuwel jz€. amd Simudate a wide
Tonge  of maters jalg.

XL AS X MATERIMNSG SCIENCE MODULES —
(As X CGam be eﬂ\(\mcea@ WOith a Yange.

of adwamced yrodudeg and applications
- Lormn a Fowez)’}tﬂl micYoSC opy im@‘wg envivonment,




% MATLAB — Cowpustation andl Plsttang

¥ powepp - Dedigning of dutline elonene,
> D and 3D elewnent

% C REDOD — 39 WDMY\g ; @fﬁse—m_falg
amd 2D o\m;—{:f?@
X STATD PRO — Designing 0 Seru e

% ANSYS — Stress Analydis am A\
Thoymed — amotlgsic

S AepacUs — Fintte edomont amalysis

7K ANSfS = LECTRpicsS — T 15 the.
Premiey Solufion oY e Jochso magnetic
Fiedd, ¢ivewy, SYStams ond. et
Physics  Simulation — ame Analysis
Sop  edectonic  design.

4. Summary concJJ.usmn ana SDlScu,ssron

% Tt describes  about the general. Findings
of test or EXPeriment and  cummari ze8

+he 1 ppovtant  Point.
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x AdSo  gives the vieiw about the various

ervoy oy didficudties ¢ cwsed Juwsing
-tegting.

X TE 9ives hNew Views and oPiN (0N
about  mMateriad, Projectecl View and
o cceptability Sor uge i Market omd
environment ,

5. forendices o SUpport Finalings

XTt gives supporting Aato. Jor tegting the

materials JiKe code, booKs, Past

Matrial testing history amd data Fo¥

bettey cdoxtty For testing.
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e sting,

M MechanlaX 'tfi.,‘:’}{:iaj inedudes method 8
 Such as -tensile stvength, Comp Ye 451 0Y
Styength  impact weSistance , Fracture

toughne 85 ana  Satigue

e i o St o B Pl A T A

X The Study of Aoformation ond Sractsre

; M madexials s called wechanic el behavtor
: . f‘*f» maters als.

- mechanical Propesties of Madtegial
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() stissness 3
% ghitinese is the adoi ity oF o- material
£n  Fesist defeymadion ndey Stress.

() Elasticity

M T+ 18 the Property 0F & maderial o
Yegqain i€s  ovigmak Share ag-tes
dedormation when the  eocctomal $ovces
aye.  Temoved .

() pAasticity

X Tt s the PYoPTY of o vnaterial which

| yetsine the d&ormation Pyodluced

- undey  Jead  Peywmanentdy.

V) Ductlity

¥ Ductidity is the Property of a Material
eabling 1t to be dyaumn ints 4 Wire,
With the aeplication of oo tensile Fovce.

A The ducti)e  materiad commonly ueed

In  engineexing Practice are wild Steel],
Copper, aluminium , nickeld, Zinc , Hn

amd  Aead .
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6’0 Ryittlehess

M Tig the. Propesty of breaking of
a. ywateriad with lttle FPermanent
A1 Stortion -

X Cast Iron 18 a bryittde wmaterial.

V) Maldeab Ligy

M- Tk s the. Property of ol material
o be Yolled or hammered ints thin sheets,

(\ﬂ‘lD Toughness

%TDLLSM\GEJS 1S the Pyoperty 04 a material
to vesist Fracture due o {m‘gh MPact.

% This  pyoperty 15 desiyable in parsts

Subjectod tn Shock and Impact feaols.

Cl@ Regl‘ﬂiengg_

K Tt is the pyoresty of- @ material +o absorb
energy and to Tesist Shock and impact loads.

% This PYorerty s egsewtiall Soy
d egighing the. 5PriNg  materialg




i 2. Pyoperty baged Testing M t:‘(‘h:.‘#{'ﬂ__ o, : £
\ ih\, Chavacleristic v adieas  ohblained
Srom the tegting Pyocess ave used g
material devels pPwent 4&‘ 4‘-_'-3‘[9 N ng

Components and in quality afSurance.

X Theye 18 a % ange. o SL(WCQOHSCR {TQ.J;%LEY'IS'

Wethods Chayacoter the vae chanicad.
PYopex-ties of ma—tpmalﬁ.

Mgchame P'mpey.eg ‘D(«’GU{NC{N(.. Ye,‘:«uv\g wmrA

L

1 E»QQS{(O-&S}. Plasticity — TTevsile rtegt
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S'f?t%v\ess Mateyal f /

- Rending test,
bﬂhwtof Mﬂo""’ mﬂ ['Ef Q; Torsion test

e

| Cyeep Rehavioy ' CYeep Yup-ture +est

Byinedd, Rockweld,

I Hcm&ﬂess \
- VrcKevs

- %Legmess T pact test
| Chavry, Tzod

Fa-&fju.e beha_m o

! | Fa.—&ﬁjue e ot |
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| 2. matsial Failuwre

% Moderial Faiduwre is the  [Loss of Ivad
CorTding Cabacity OF & wodoxial  unit.

e The  yaderial :;aiatu—‘fﬁ haepeng due

twie major  Phoremena,

@ pefoyrmation Sailuse

(W) Frocture. failure

(o) Deformodion . %cﬂuWe

3 A oSy yration fedduge. 1S « c hamgen)

The. P%gr‘cc& Aomengons oY 3 habe
of- o Cowmponent that 1S sudfrceent

Joy s Afuwnetlon © be Neost or

Impos red .
P lastic Aeformation & elastic. Leormadior

% Dejormation that appeoss Guickly

Lbon ﬂﬂcwuﬂg can bl cladsed ol elther
o lastic olefgrmation oy plastic deformacion
e s lastic defoymation 15 ve covered

\ mme/cﬂicn:to,.ﬂﬂ wpon  tnfoading hexeas
PAasG oA o5 martion 1< Peynanent.

CY¥eeP  Tuis déformation that

accumulotes  with tlme  Popending on the-
magnitude. 0F the aprlied sbress and

}
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Can o Mo Longey [Peyfotym  reE, ff:"u-«’ﬂﬂ??ﬁf?ﬂn.

|
1 o foy ma (i m‘l \
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i Time. do-pendent
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1—?@ C¥acKing +o the  extent +hat oo Component
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| Ductide Falluve
el Envns*nnmenémi Failure

'»ﬁéc:’mzp Ruwxfedﬁwi““&

v v et {40 A AT

|

16 texmed Fractume .
Fyactuse_
e Luwve.
| S"{:otﬁic (~oceding t Cyc_.uc LoaAJx'Lg
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(ow eycde Faulnte

M- Fatigue Ccyac ik
Gyouwth
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grittle. oy puctile. Fracture -

K The. posSibdle growth of the CyacKs by
fotigue, as this can Acad4n a byitale

oy ductle  Fractuge once the. CyocKy
e  SYRcently Jarge .
Envhonmental  CracKing fedlure.

X Fracawe. may occun  as a vesalt of a

Combmadtion of  Stveds and chamical
effects, amd Hus s calded  envivonmontad
CyacKing  Hailivre.

EoﬁoS%o&n _j—a—kﬁjup_

XTIt [ the combinadion of cyclic
MLoeeding and  Co¥rotion. T s Often
a. Pyobdem m  cyclicaldy Loedod
Fotigue crack growth

X creep  deforwotion  Tay PYo ceadl to
the point that gepwration nts twe Pleces

OC.Cumss .
Cyeep ﬁuJPvI:ﬂU__t_Y_eq‘

-+ The. Commoyn Causde of Syactuve |s 53@5%‘@,

Which s —)CCQ.QM& olue to '{PPQ@.&QQQ ,Q,aa:_g@ng
I Gevesal, dne of more. -tiny cracks Stast in

the. massial, and these gvou wat k Conmplofo
| Aacluce. OCCUwrS.




High « cyele . Fatique K fows— cycle gatigue

KT the numbey of- yepetitiond o4 the.
Aozed (s MS&( Say Wil eons the
the . siteotion s teymed Wigh-cycle
Mﬁm& "

K Low Cycle Fatifue. s cauged by

o %’Q_/Q&Em’veo@ Smaldl number O‘J\_‘C_HCLQQEI;

Say tons, hundweds oF -thaugands.

% Low Cdede AFotfgue is generaddy

aCcCompanied by  Significent e-Mounts
of P hagiic.  AeSsrmation, whereas
high - cyede  Joatigue s ag8ocictel
with  yelativedy Smedd  dedor mations
thaot are. Pvimarily elastic,

Hardness Test

H axlness
x The hardness

1S O\Q,—‘;—fﬂeoi as the. Y€Sigtance

OF o material o reymanent 0T plastic

deformation OF its - Swface , ysualdy by
indendaton , undey g+mtic o Aﬁﬂ@mic_ Joad.
“Testny m@l:lw&g_

S RocHw@i& haxdness test

¢ Brined hoxdress test

3 VicKers havdvess test
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; pgwu, naraliese "Eeok
¥ e ﬁ'tmnia-ml. m__ﬂ/mo‘ 7&37 quanti £akive
| é&ja,tu_o:t}ﬁwﬂ ot bndesitotion gﬁa;ra Ness, w wich
was the widely orcepiod 7 retondation

ham;lneﬂs f08t , Known as Brinel haroness

6T he Ry ;ng A% hordness test+  corgis+s ot

v v o \ .
:]trzfa’w.mg ar) 1noen-tzton ey —*6'!’*"’ g a Standond.
Sbhevical  badd indanter i1nin the Suztace
O Hheo rotoriak -

'>< LN this test an hosdered Sted babd of
16 mm Tn ddameter s ulfed Ay fndLenter.

% The loading Fovce is in 4 range of

200N 0 30,000 -

Microscope :
Lever

u Indenter
! : Aovi Hanger with loads
| Elevating screw 5]

Hand Wheel

b S " Fig.  Brinell tester with components




P?rmc:PJ&

A AN Indentey Gmw&emal w-efol baﬂ) 15 :Poxceai
nto Heo StnFeace of a fost prece.  amd
the oliameter of indontedon ‘A’ A&t in
the & wWNface aftey vewoual of tho_ Surdface
£ s meadwed Unmdew a  dAefinite Static
Load  apelied for oo Standowd Pexiod. of ttme.

-ae The Stamdard Brinedd haxrdness ‘tester

 Ofevates  usueldy wndew hydreutic

+ Pressure that applies Josce.

:m%}m’ Componenes

l% ayinedd hardness testey

i% Ryinedd wmicYpscopre.
X Tndentrs and plunger
% Anui L

 Indenters.

b e ———————

’% The diawmety 0F sphevical steel. bastdl indonters

LGek in the Standond pyineld handness
| test 18 10 mm.
% The bold indented  normaldy useo 'Sy adle
Lyvom heat treatfod Iharal %rglq cavpon Staelo
[ 0ad awhcs:mon

i

tme dwration 16 b@ge& on the_ wotmials ..
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-woz’King

‘*X The Suwyface 6f the +est Specimen must be

eithey wmachined 9youmd Lapped or Po/ﬁis&ea(.

% The Srecimen is placed oy the anui L
- ofthe +esting wachine, and the anvil is
Yaised by yofating the hard wheel
So that the Specimen Surface 15 broughe
M tight Contace with the. apexc 0F the

U indentor.

¥ place_the SGpecimen onthe -test tablo amd

Capply o wingr foad 4o brivging  both -t
Pem«tafrs on the ollod gauge €0 Ho

| L._Cf. P@S‘c—tmﬂs

: ".9/ HPP@ the. Toojor Load  om the SPeciman

bjﬁ —twrwnﬁm ﬂowﬁwg Sevess  pacK word.



3 Maintzin the foad on the gpecimen 13
exactly for the SPG&{rieA Adwredd time
(15 seconds) and then veleasce it bY
furning the Joading Jever Foxwjosd S

X TaKe out Hhe_ SPecmen and messure the

Aiametorr  of the inden€ation Fovmed
on it by using the Byineld micyescope. .

Thdonten | MPYESSION

!%ﬁneﬁﬁl hardness numper

e The B:Krnea& hcminegs N umbey CBHN), @iPaeggeaQ
. in units of Kilograms et Squeme i etes
; 'S defined as the Tatio of the agpe.lied

- Aead (F) 4o the CusVed SwWiface Qreo

- oF the e dagdcaldy recsvered ndmntzton.
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byonze. , codd - wotked
b"a%s e

|| Ncm J‘le,’mou.s me:{:a&g
| cmA addoys Sike
coppey , annealed byage
| \“\‘\aqm&grum aldogs

25. 00

%—f«‘t@v’ NON —f-e¥TOUSs |
wmetals and aldoys
Jike  atuminiem,

1 AGadl, 4n  and “H“’-*T
| C(JQR.%S

10 ~6BQ

ﬂc{mmﬁmgas W

e

| ¥ Tt Can he umz,ol for testing Mon -homegenesud
'Y\[\afwrmié,
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nmd "S()U%hggg mrm be. less.
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¥ Snitable fov hardness teges on forged ¥

ComPonents, Casfings omd ot -volded
wovK pie@s, etc,

Disadvomtaes

3 Restriction of appiCotion Yorye to oo
ot mwn  Byinedd hardnes8 of- &5o HBW:

% Regtriction Wwhen fo8€ing -bha Smatd

amd thin - walded Specimens.

J% The. Pr¥ocess s SJQM,U camPCWedL*{:O

- Reckweldd hardness -test.

- bue o the Jlorges size of the indontadion
the application of @rineld hordness test
'S not Pessible. 0N Smald Jobs.

e e

Rockuedd hawdwess test

Ty the Rockwedd hominess test, dhe dopth
o4 the. indenter Pevetrsation Into the _
Specimen SUrface is wneasureol.

X £ach time o test 15 Pe)r}o*rmeol o foads
oo applied tp the Sample beivg testedl

Pyinciple

3 RocKuwedd hamdness test is used 0
detormmine the hardness of- ametal
bfj " A Hovential Aopty' Mmeasure ment test
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X The indentor may be eidwy o dvometes H

\ " " \
Ao, Sz or a Sphexical Aiomond cone
of 120 amgde.

Loading cRndition

X [ 0ads auuxinﬁ testing axe awpeflied i
two Steges
(@) Minoy Stotic Joad

) Mojor Stotic pced

(o) Minoy  Stoic. foacd
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Lidhin Hhe mackine between -the. ndente

Shad+ amd the dLal-

Y The pPurpose 0F appluing Winor (oad is
as Foldows§;

» To ebminete the €vro¥ that way azise
due o Vaxtable contacks between the
indonfer amd the sutface of the Specimen.

o To Set the indentes On the SPecmen

amd hpdd Mt iy pesiton .

+ To weoluce the tovndopcy For  ¥dgng’ or

‘SMKINg in' Comsed by the indontor




(k) Majov  Statlc Load
X Maloy Gtatic load of either o 90 07 I4NKg
s apelied op the Surface of the grecimen

throtgh L 8ysten of wedghts amd foverss

by weans of cun ppesating hamdde in -Ehe-

mochine that endeoxges the initicddy for med.
ndesnfation wader miney Jdead.

X The Hotal Stetic Sfocd cppiied FoV
indontoion  on the -ect piece is the
Summation of the. mMinow (pad and the_
Majoy Joad , Which 18 egual o evther
Lo oy 0o or |50 K3

g wOoTKing

__ -X—'r‘he specimen to be tested 15 made Jlat by

gf_indi‘rg omd, -then ‘(Owﬂhiﬂ P@,Uaheﬁl be catsfe.
amy  Swiface iy yegulomi-ties wild be -token
Cave of by the Thinor Leael.

X The apPPlication OF tha_ winoT Ioad kecmmeg
Elpredve. wWhen Be . SWEFace of- the srecmern
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| @Jevating  Wheed.
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X with the winor  faced Sl aeplied

o additional Leed is inroduceol Known
as the Majoy Joeod Which iy cyomges the
dopth of Penepyafion On the- Sample.

% The wmajor Jaed is -then vemoved, and
+he Force.  on the Sample 18 yetirned
to *HL& miner Joad .

MThe incremge in the depthof Fevetya-tion

that veswtts from aerrlying amd Temoving
the. mMmagor Joad 18 wBed tn calcwlato

+the. Rockwell hardnese vValue,
Rockweld havdness Scale
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AP LCodonS
Yot s widely applied M the  indugéry of-
Comenteod covbides Coppey aldoys.

- Thin St@eﬂ cndl  medium  (Cage  hovdened
8£€df Cagt (Yob, aluaincum .

Advantages.

¥ High aﬂCC‘zw;owg 's achieved .

X Lows  Pyocurement cast.

X Haxdness Value s adrtsmatically

| duseloged  Pmmediatedy Foldouring the

- Indemtatdon Pyo cess.

% swald gze of the (wmpyessions Pypluced:

M Grenevaldy uSed for +egting of- Loncgory
S p feg .
F Tt Caom be wged for advanced teStg.

N™HIS o.:ﬂi)‘wnt@g%
3 The quedity g4 the indentoy and the-

| sudace has o Styong  infduemce. on the

-test yegu4s .
X Gengitiviy  of the diamond Indlendons
'S }\i_c]h. Tt any cQamczge in oléameond.

indendorr, thus Produteiny a vSK o~
INesryect measuwremenss .

v Rodativady Jyw Sensitiviy on the-

|

Aifference tn  hadness.




| Vickevs hardness +egt 2
X uickers hordnese fest USed -to Aodymine.
‘Zuamfi*&ﬂcﬁivdﬂ the  ndentote on hardness

of Mederial undey the application of
oo congtomt Stakic Soad-

Princi ple

% A dlamond inferdlen in the form of-
o vigid  Pyvramid With o sglore. bage.
amd  with o geecified angde. betwen
OPPosit2_ Faces ot the vertex 9
Jovced  into the Suwface of-a-teot
Piece Foldowed by o WMeagurement of

the.  legonad Lonath  of o indon-tatdon
Left in the swiace affor vempyal 04
| the. test force F

X The vicKers howrdness 4eght 1S a SHatice.
harelness tese methed, Uged For both
macvo amd wicyo hardness testing.
Tt s an  opfical wmethed of +esting
wheye Hhe. Size. of the. ndontation foft
by the. ndenter s meaguwred o

Aetosrmine. the. hardness value of- a
test  specemén.
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indewtey In Vickers hardness tester are
’ n . I Ke
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* toeble -
iae Turn the hand wheel  slowsly in the
 Clockwigse. divection 5o that 4he Specimen
3t:{:$ Jocuged on the Frowt Scyeen sharely.

,.—-}{— w}w hmg +the ’Nartm o the. Set’ Position

m}e{ turm on {hé‘. ...-Q dading, Awell twnloeding
LQCA&. :

~: The.  indaniation. is mow  rraected
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vrekers handdnéess number 23
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Squeye. indontoton
VicKers  oldomond tndenter

X% The vVicKers hasdnese numbes (VH N) I8
defined as the Jate of the. applicd load,
PCKS) to the sSwjace aveo. 04 the
edagticaldy yecovered Pyraniol ndontation.
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p = Applied doad W Kg
P AR —
Pyyamid  inalentation (mm™)
D = fveyage cliagonad Sength of- ST
indlontoctdon Tn mm
A olvamta9es

¥ Testing thin Sheets, Smald test preces,
thin walled +ubes, hin, hard and p Loted

Coatiryg 18 Pos&ible.

X Theye s owly one -ype 05 indentey,

 Which cen be wsed Hor ald vickevs
Mmethed s

3¢ Non - destyuctive testing 15 Pog&ble,

X The Smald indentation has "o
influence on the Qappeavance Of teseed

i

‘Matorials 0¥ Producks.

X~ Used to0 £imd the Styvess value.

Dis advam tages

¥ The test location must be PYeposed.
* Redatively Aorg st time duets the
ezsuvenment of the diagonal fomgths.

K More  expengive. cCompase 4o Rockuweld fastor,
P5 Sengitiviy of the diamond Indendes 0 damage,
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| Tensile Test:-

Atensile test 1§ aa memdurement of the
ability 0f a wmatxiad 4 withstand Jowces
that end 4o Pudd £ apart  and to
dofoymine. €5 wWhat extont the matorial

Swetches  befove bremiing.

Pyinciple.

X A Stmdaxdized  Specamen  with e Known
Cress Section 16 Jleaded wnifoymdy with
vedatively Aow ncvesdivg  Jovee 1 the
Aongreeclinal  divection.

XA i axcal Svess state  Prevoils tn the
sSpetimen  wntl Contraction Commences.

X The Yutio of Stvess tv Sevein can be
Shown Hfyom the. Photted  (oad — extongion
M agram,

E9lup ment

4 Unfveylad TQQ&E{\? Macune

K Extensy metey
- Scade Vevnier calipers
- Punchinyg  -tools




- OVERALL LENGTH
| DISTANCE RETWEEN SHOULDERS
! S —— T;W\_j S
'[Gpu* SECTION (o LENGTH
o Sl Nl A
| T T
| . . |
| | ~T
’e - ¥ DA OR WIDTH-
WD T OF
GrP SECTS = o
- “REDUCED" SECTION
{ Fig Sample Tensile Specimen
. -
[ WoY Ki ns
§

X Inidsalls e Specimen [5 cleared and
P— —
Jouse  fevelh is  warked on it The
Wlsimate  lrad Targe {o e fited.

X once the Srecimen 15 PRlaced, the Jaws
aye Jdsc¥ed .




le Fix the extensometey on the specimen 27
and Set the 'a’egmUY@ o Zevyo.

% wWhen the gpecimen is wnder focd, showly
tnclame the. Locking handle . note the
extengion at o Convenient Joad incyement.

I Enctongometey Mugt be vemoved before
Te@_cw‘wﬁ Hhe. HF@M Potnt.

X with the incvesge in Lbed at Some poing,
the Load Pointey Yemend Shtionary
+his indicates the Yield Point.

L wWitth furthey increase in Joad , the pointar

90eS back ward  and Specimen  byeaks.

The Jdpad befoye +this breakirg (S the
utimate Joad.

x The Lpad ot the EY@QK?@ of the

Srecimen is  cadded og the byeaking load.

Advaentage s

X-This test 1S uged to check yiedd strength,
tensile stvengdh and ductile. ProPeryy of-
material .

Tt Pyovides  Safery and inteqridy of madoriale

Tt detormines batch Gualisy.




?.1_‘.:1 (% -;'u:;érl,--U::"ﬁn {mﬂtf
&% A4 i eleatecective {@eng ,Lhe. mateyiod Fesl 8,
wrasted every Line . '

X The +test (& mas ;-x;ﬂsj Vestuioted -to duewle.
Metelvals.
=X A Apeg wot Pyovicle  information  abo e
Lhe,  mabwiod at  Aifforent {ompervatvres
XA Castlng widd hewre. ctifSerent propestics
than a fov9ng oy A Sinteved metald Part.

B e s A e K AT I R A A B it

: mear{ Luft,

AT mpmt hemt. (S QL C@namlc Jceﬂ{ Casyied
OLL'““t WwWith  votched — Specimen anal
Krown o8  Notched —bar  jmpact -test.

Mmgm -l:tjﬂ‘is

11 champy rmPCLC‘E test

2. T72od  inpact ftest

P wy rﬂmeﬁ, c');F {@Stmﬂ

|

= b Aty

3 The. PU¥pose 0f- an IMpact tegt is o

fxtf:"m:a’ mme {:he_, ability of the Ynatewial
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X ThRES . o 4 R AT a5 be. weed 4a e {29 mine.

P& Taunah WeES

X Iimpact  stength

X P onctwe. Yesance

¥
i

L

Pz e amd CHARPY TEST
X The  chavpry Veyvelch Twpact fest is the

rsd  Camman t radHne. {thgfﬂ”\tf‘ 58 Lel

XA Notched  Specimen 15 bwoKen by
A swinamg  pendudom  amd the
Aampunt oF @neYy mn--‘qu.ﬁ\"cﬂ Lo BYeaK

| +he  apectmen fc Yecorded .

;\( The Tzod iwpact -test 15 a Stamdord
| Wethad of g{a{armfn i:xg the L' pact

- Yesistace, of  materialds.

“'X A P‘fv\.-*\‘ix}g aym 7S qacsed € o SpediHc

h{f:?h{" and theh Yeleased.

i

¥ The avm Swigs down Wt o noteheo]

Sampte. , bYeKiy the SPecomen,
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Pendulum

releass Raise Pendulum
lever control in rz:!.:sed
—= posilion

"E::!irrsv @ g /
scale —<

Specimen in
position for
1zod test

L e ———— — I

Fig. Pendulam impact machine and notch position

(a) Izod Test {b) Charpy Test

EYincipde of impact testng
* The Sample 15 Placed ints a holding
Fittwe  with the Jeometry

* The coflision betuween the wel ght and
Srecimen  Jeverally reSwts in the. destsucton
Of the. Specimen.

onKing

X The test piece 15 held in the anvil.

E% A C!xarPg V-Notch SPecimeyn 1s Placed

| Acvoss Paradded jeuns in the impact testing

| Machine.

% TZod test SPecimen s placed Pexfendioqfay
+to Jauws.

% The Pointer |8 Set wptp 4o Mascim
Vadue (3007) .




& During relonge, the Pendifum St kel

Which congumeg Part of the evergy ol
the Pendudum .

% The eéenersy congumed to break the_

| Specimen 18 measured , 8ualdy n Jocle.

% 0bSer\vations of the enevyy ave vecorded
prPelicadtons
X The Impact test indlcated +he motch

Sensivity  of awmatesial Teswlting From
the. pyesence of Internal Styese yaicers

K Tt 1S wSed v asgsess the +rangition

tempeyatwe from the. ductle +o bryittie
Stocte. .

AdVantages
wil IN expensive

K Higher fmpact value of a mateyiad is
* highes the +oug hnegs Value.

—X— TegtsS awe. pevformel ot Sub ambient
| Tempevyaturey .

% This TmpecE Vaue Can be tSed o

1 determine the foad beasing capacty

z} o0fF oL Watenial -
1

3

and byeaks the test piece by a Singlo bloor,

.



Dis ad vontmgeg

- ITwpact tese Shows Joetlo value for
MoSt of the non Fervous wmetals such as
aduminium , Copper amel thedr addoys-

X Vastatton Tn  yegult s FumPef PJZaacemen'b
04 the fest Piece 'n the impack Hestorrs.

Bend Test
X Bending test s Standard test methed
JLW S mooth bcws, }J(od: metal SPTI\HQ y
concvete , Wood , Plagtics , §lass amd Cevamics.

K Tt 15 alSo cadded as floxumal test.
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principle.

;ﬁéﬂ;no\fns tests ave Conducted by placing
o Aength of waterial acvoss a SPan
and  Pushing down along £he Span o

bend -the maderial CQLLSfV\ﬁ a_ Concave
surface -
WotKing

X The bending 4ficcture s Suppored on
the Platform of hydvauwlic cylindesn
of the UTM.

2 A doading heam that weste on +wo
Yolders on +he top of beam to be tested.

0 ACcurate Spacing 0f the gQupports amd
VloowUng Points g Wecessavy.

% A Load 15 applied b the (oading beam
accuratedy at the mid- point betueen
Ity Buwo  Supporting yellers Sov three
Point JLoading

X% The Supports are Qeneraldy Knife-edge.
0¥  Convex

% The Joad applicator 'S a Youndod
Knife - edge  with an incduded amgle_
of 68, applicd either at wmid Span

oY  Gymmetncaldy placed From the supports.




% L oad and.  defloctian ose usualdy Yeosyded
'n the test.

% The Loading s hefd in the middle cross head

X A o Pastcwlay load  the defdoction ot
the Cexfor of the beam g Ao o mined
by wing a olial Javge .

A dvantoges

X Stmple  Geometsy.

X Mintmum  Saumple m achining S Ye%t&reon'

X Smple test SFictwre

XTIt s o Simple ovd 0 expengive
Jualitotive test.

—}é‘ Specimen Prepaso-tion amd. tesdng TS easy.

D |Sadvan-tmges

X The rvesults of the testing methsd awe
Sensitive +to  Gpecimen amd  Loeding
Jeo metry amd  S&ain  vate.

% More Complex Styess ohw%wh‘ons

thyorgh the Sampele .




Sheay test

X Tn Sheay test, ghear Fovce 18 the foad thot
Cavges two pPovts of the body +n slide
TelatiVe. to each other in a dirvection
Poradlel o +heir Plane. of Contact .

Pyinciple

% Sheay Styength measuyes oo mateYiadS
ability 4o yegist+ forces that Couse the.
mateyial to slide.  against it.

% The specimen is Loaded in shear fiztuves
Qoad is applied pPerpenclcular to
Sbecesmen thyotgh FLlurger.

:% The. Phenomenon o0+ gheax CLPIO,UQS

' 'H\“o’euﬁh the. ghear Fittures 5 Known
. as  Sheay +test.

Tyres of Shear test

¥-single  Shearw test

Y- Doub e Shawr test

!;C()imPonents

¥ UniverSad testig machine.

X verniey calipey

\—>€- Sheay Fixtwres




:wo'mefJ
|-

: %Th&_ Aiameter is measured U3ing the

- Vexnier caliper:

N Mount thee Sheaw Fioctures on UTM
anol Load the specimen in sShewrs fiure
accotdance to  need of Sheasr test.

X oPesate  budtons -or Aziving -the wotoer
4o drive the Pump.

Load Load

Plunger

’T Specimen

Shear Testing
Attachment

Fig. Single and double shear loading

—)Q Gsrotéwaliﬂ move the head contsol flovel
a\j-‘re_c-t:o:on 4 the Sbecimen Shears .

Sheams

whe're. "D ékeanf s—i:’a’ec@z‘f F FO'JC@— ot bYeaking

Pr 5 heawxg swface,



v Tn the double Sheax method, the &/

specamen 18 Sheowed off at two
C¥sSS Sec-tgons.
¥ TITw the. Single shear Process the
SPecimen ondy Shears away ot  ONe.
CYoS8S Section.
% The shears Styength  defoymined (n the

Shear -test is tmeortant n the e sign
of bolts, wivets and PmMs.

ﬁAVan-&mﬁeg

7< The time of testing 1S Smadd .
X The adhesion Capacity adso can be Found.

K Result evaluations g Aivece manner.
% No SKilded Jabouwr 1's Yeguiveal .

3)_5‘5&51\/%*@825
* due to Jimitation in diameter of hofe
Size of testhng vod s Jimited |

- TH any erfor N wmeaswrewent of the.
diameter 04~ the. Specimen Give g ﬂafm@_
Vaxyiotton in respdts.

X For Sheet metald -thickness 18 yestncted.




Creey tes

X% Tn the Cyeep wuptwse -Lest , a srecimen 15
Q(L'bj €Cted o Load at conslant olgess
and Cons-tant -temeeratume,

X This exreximent (& PeTH4ormed
mw (el pie -0 mes  Wiith &_J"Jesge Nt dexnperalssne,
bt  always at Static Yovading.

'X T he. plagtic defovrmatione asé mea.éwmafi
N Continuoug Ntesvals.

X AdL weasuwred Values can be Erancferred
| +o0 o crveer ddiagvam .

% The mexgwred edongation hauic

A chamactristic Cusve, which is Known
as the. creef cuvve.
' g% The (rveep TwWptune test deforwines the.
Charactoristic  \alues For the. Creep
S’t'a”eng—tk and -the vaxigus stvain yalues.
1Pvocedure
;%MQWK the Sample dJor the reduced Jauge.
"X‘ He—‘&”\j _ C.[’\meé‘o’ e What Susvouwnds the.
. object amd  wmaimtmin the -tempersalome
| cthat the. dBject is Stkerted to Jradually




bt

| ; ' ird Yemperative . .' 3
2‘ e &y - ~ sxd
X Measwre the dimensions of the Jiven Sample

o Fix the ends of the Samele UP 40

wark nthe Jaws of the mMachine.

i ¢ Adlugt the exXHenco wetey Pposytion on

j the fload Such +that needle on dialis

% at 0 Posi-ion.

X The vadue of change dimension with

| Yespect 4o time oy incCressed Empercave
with  Static Loading 16 noted cunal
he  Speccmen Falds,

;}G'The fimal vesudt wadd be done in
Soldlowing  Stefs .

% calculation of stresgs

¢ plok Strain Vs time

% caleudate the CyeeP Yat€ as a Functlon
1 of time and tdenttfy Hhe vaxious
gteges of Creep

X% Finding the winimum cyeep yote. at

| ‘E’;a.ch Stage

| stages OF Creep
:._'(n_g P*rrmarg Creep

i A By |

#
{

' .:’_3( PTI mct.:‘ry Cfeer) ;g-—{;h,ﬁ__. mi'&m,{ cyeep \__1'{.'&3&‘__

whém the &%P& 18 'nsmg m‘ap.cgﬁﬂ at fivst
“"’ -ffu uiw*ri amount  of ttme




——% pfter o cexrin amount Of Bime | the
Shote  wikd begm to Shouly decvesse From
S initiel TTSE.

(b) secondany Creep

X Secendanry  Cryeep, the Creep Yate Teaches
egsentally a Gteady Stote  n which the
C¥eef Yatp clacmgeg Lettle.  with time.

X This wegion is  appProximately constant
Cyeep yate .

X% During this Stage, the Stewoly State g
achieved « The cseep Tate s canstamt .

So, the Uipe on the cuwve Shows o
Styosght  Kine

(@) Tertlany Creep

X In Hhis stage, the objec—t cyeep 16
Continususly incyenges wotil-the object byeaks.
Puring this gtage, high styess and  high

o meesature.

¥ The Cyeeb Yote {5 9reater and Incremdes
continuougly il the wmaterial Wwndergoes

Fracture. .

- Tertiary c¥eep OcCcuwss whenthe Effective
Cwoss - Sectional avea of the  Specimen ig
veduced Yemawkaebly etrther due to
Locatized nec King .




a. elastic deformation stage 4
STRAIN| . b. plastic deformation

stage 3

specimen
fracture

:i primary secondary tertiary TIME't
l | SRR creep creep
i } Fig. Stages of creep
' Advan tges

i% To determine the Stebiliey 0 o Marterial
omd s behaviowr when it is Put through
orolinany styesceg like creep test. |
X The understanding of -theiy PyoPerties

amd  adwantages 0ofF One matorialls use
ovey amother.

exYror n yesult.
X% The 8&ize wmust be Precise.

M- T+ adso oléma;nclé’ J{awge Sawple material.

5 s e T S, e S




| Fotigue test

e i T R A A

| "\fh‘f’-‘” the component 15  Subjected 4o
Yeveated cyclic styess Jeads +n  Hoilure

& ven -{:ktrugh the otvess hbedsw the gre.f:d,

- Strength of wmateriad |

% This PYogvecsive #Faifure of the Wnotbrial
cct a Styess much lower than 4ot b’.@uﬁra{
o cause Fractive. on o sindle application
of load 75 Called o Jotigue foulure.
Principle

% A Fotigue test is ugsed for the deteyimation

i of the. maximum Load that a Sample Con

withstand  Jor o Specified number of cycles.

F cycdic Fatigue -tests Produce epeated

'Xoowh'ﬂg amd un.(.oacf‘ing m tension, ComPression
bending, -torsion or Combination of these

St‘resses
| %Thege ‘tests aye U.,Sed.(\ 0 gdenerate CY‘G‘{'JIL‘}LL&

| Nife and cvack growth data , relentfy

L CTV{IC&Q iﬂCﬁﬁORS o’ 3 —GWMS__Q%‘:
Ahese- -sresses-

Il L
b i -



Tension Specimen
S5 Bearing

Compression

Load

. Fig. .. The cantilever type fatigue testing

wor]&ins

* In Jatigue test, a votating cantilever
younted SPecimen 'S Sub)ecfod 0
o bending moment.

< In ~the. cydindsrical SPecsmen , this createg
an  alternatiy stvese e 4 votory fending,

< Adter a certain number of (oad cyeles
-the. gbetimen Fr¥actures hecavge 0OF
material Jatigue.

X Pyerare the Sfcimen asS S mooth ag
PoSSible. .
X Firtthe Srecimen in+he Sample (’\DMQ'T.

- After  fittng the Sample apply the Aesived Loedl.,

X At the top end, the tension is app.lied
ond bottom end, compyession s Provided
with Yotating of Specimen.




1% switch on the instrument 4o conduct the
Jocigue test by  wotmtrng SPecimen at
90 with COmp YESSion amd <temsion amd
Yolato to 180 with Same eycle Loads.

*x Repeot the cycle gf giyess wpto

a- Yotoltung Shaft in  Jour Point bendiny.

K Recovd the time dJFov the Failure, when
| it occurs.

[l

‘i% Note the appeasance of the Fractured
|

Surface. m each Case .

S-N curve

f)é— fotigue  test invo \ve_ *E@S":EY\EJ the. 3Fe cameng

| undeY  Various  cycles of stvess, Usually

LN a Combination o ‘tension, bending omd
Tototlon .

% The test is conducted with variation of
styess amplitudes (q); the number of cycles
) ) the POt of el Jeilwre in dhe
Specimen 18 recovded.

¥ 8-N curves arve devived Fyom Lfesta o
Sawples 0} the maforiad 4 be chametoy: 7 el
where a regulany sinuSoidal  Stveqs g applied

by a tegting wachine which also counts the
| number 0f cyedes +to Faulwre.




K Stress amplitdl. j8 defined as the 5
Wazimum  St¥yess, in fension and. cowmpression,
+o  which the Specomey 18 Sm&jee&eél :

% Thee vesultang diagrmm s calded

cw  5-N dagranm .

% To oletermine the S-N cwsve, O- 3¥oup of-
Fotigue Specimens s tested at dieff-erent
gtyess Aleveds amd at each of the Several.
styess Jewds the Sendod gpecimen IS
Yotofed uwuntid it FHroectwres.

% The Sudolen bend of cunve indicates the
endurvance  Samit .

X The maximem endesance Lemi+ Fov
S-N carve s heerly (0% cycles .

K S-N cuvve Calcudated in Semi log greph.

High cycle Fatgue

% when dFatigue tests aswe conducted Latth

a Fixed cdede 04 Soad o stress Lmits
i+ is caldod o Stresc - Contwolled Fatigue.,

DeTt 16 a high cyeda }Qﬁyqe, be cauge Ffatgue

Fosluve. takes ploce at high numbes of-

Stress cyales | usualdy move than ot cycles.




[ ]

LOW - cyede Jatigue

X when Sfabigue -tests are conducteal (With
o tized cyede of elastc pPlung Plagtc
Styain Lwmi+s | it 1S Calded o Stvan —
Controlded Jﬂﬁjue oy O Lows cyclo Fatsgue.
X Fatgue Failvre teKes place uShen the-

numbey of cycleg MNecessasy to Catde
Fatigue failure, N < (60 cycles.

=< Testly is Conducted with constamt Styeun
amplitedeg typicaldy ot o0l -5 HZ.
Ad van-tage.s

X DDemongtrate the Safely of a gEructune
~that May be. SWSceptple -to fatigue..

X Generate Fatique data

X Tdentify criticad Locations

DS advantages

¥ There s np Simple wWay+te vedate Lifo
Predicted by the wude with the charactoristice
of a. Probability distyibustion.

* Tt does not consider the effect of o
ovevdoad or high satrece which may

veswlt Tn a compressive. Yesaidual sevecs
that may vYetard CyacK growth-




O I e[
t 800 100000 cyclezfallg_ue life
} _ ‘\‘“-\' || at620 MN/m” applied stress
.‘““""n‘
A . coducbd  TTR
| 500 . -H{T——T-Endurance limit-
i ‘ U = 410 MN/m
0 --\“
g N - Tool steel @
1 m - o
g 400 < —
‘ M"\____H
j oo @ ||
|-, 200 -
i - 5 Aluminium alloy
| 0
: . ; s
| 10° 10° 10° 10’ 10
( o ' Number of cycles
| Fig. - 8-N curve for steel and aluminum alloy

— . - ——e =S |



UM T-T Oveyview o4f4 NIDT

NPT Vessug Mechanical festing:

Mechanical teg-ting Non Destructive -testing
x Test ave nok made ¥ Tesy anve wade divectly
on the Components on the. components.

X-looY. tegting onobject ¢ fooy. teStng on actual
IS Yot PosSSible object s pe&Sible

3 An  Tngpection ™ay K NDT Coan measwye.
meézgure. ONM one oy ™Wany Pyopevties
FEew of the PYopertied

K In-Sexvice inspection x Ty gervice inspeceion

18 vnot  Pogsible 16 Possible .

X Repeated Verifications x- Repeated vexiHications

;i over c Period OF time | Qveya. peviod of time

- ave not Pofible. 16 PosSible

X Co8t OF test Specimen ¢ CoSt OF teotspecimen
Préparation s high lF’YePchELOn IS very Mss.
|
X Time conception for % Rabid inspection |g

Inspection 1s  high Poggibde .
CompPare +o NDT |
X ALl measurements X Most Of the meauwements

evre  davect @€ in- livect

|
* Mechanical Testing XNDT giveS Fualita-tive
Jives Juamtitative ' MERLUNE MeNES
mMea L wye ments.

*gKilded wan power Is
| Yeguived to nderpvet

o e N Qiad 4o

X SKidded mam PoweY
s not vequived to



Coverview Oof the Non- Degerctive Tegtng methodd
| Serdes” B 4 Non
- vicUad  Ingpection

The Yost baldic NODT methed 15 Visual
€x ammatcon. Vrisuel Examiners Loddows Pyocedureg
that  vawge From Simely Slnoking at a pavt

to See 1§ Swrface  impesfectims  ave viSibde
|

to Uing  cowmputey Cohtroiicwﬁ Camesa
SYStms to autewakically  Yecognize and
Mezsure. Feativeg o a. component. Tools
Include SFibexscopeS, bovescopes, maghifying
glweges oand WMivvers . Robotic ¢ Yoauwders
Peywmit  Ohgeyvation 1D hazardowg 87 ~tight
: avees Such a8 08y dUCES | veadteYS, Pipedines .

‘. Aolv an-tages ¢
|'-)68\‘mpi€, ami Wsuaddy Fast
¥ widedy ud e
¥ Acceptod Stomdond AsTmM 02563

X Can PicK wpa Yange of defects

I,%GcoOcl Jor ObVviould man(g&mfng - davg
|

L imitadtions -

¥ The in8pector Shouwld Yefture +tYaining anel
. edperience

|9@ Mt havae a good VFS'D‘D
* Tvtorned  defeces  Canl be, P Lantified

X NO Permanent yelords
¥ pdloquote time Yequive Fox [ngpection




| LIk Pengty ot -té,sﬂ‘ng
The Ad9wid Penetrant tweting s Hhat
Whon a Very Jsw VISSHY  Ligtud is applied
T the Swiface ofa part | 1+ wil] Perotrate
 indo FiSlurey  and Vordd open <o the Surface.
| On€e e excepe Penatrant ¢ Ye€moved |

| 'tb.& Penctyant Trepred v Haose Voirdd wyig (
| Floue back ou Créating an

l
. @ N -
Dye

Pect) § )

madicatton .

Delvelspey

Pehe'thm-t ety con be Performed opn
Magnetic  Aund Non-magne-tic matevials, but
doel ot werk weld on  Poveul Matoxiald.
Penetyatnds May be “\rsible,

when Pexsforming a Inspection, it ig
I pesative. {hat the. Swface BQJ'VH tegted Is
chean  amd free o any foreigh  Maderials
oY MU9uds thot WMight black the Penetsant
From Enterig  Voidd oY Fiseures oOpen +o tho
SWifwce of the Pawt. Affoy capply ivg ~tho
Ferebremt | it is Permited €5 Sit on tho
SWeface fora SPecified Period of 4time .




s o rekwddy c Joaned €°
peyetyant F¥om +he Susface.

$ho  Operyatny
penetyant

X Then the Port
Yemove ELLESS
3 wWhen  Yemovivyg tho_ Pevetyant,
must be aweful ot o vemove ond

- dhat has Flowed ineo Uoidd.

v A Night coating of develsper 1S then b€
applied t the s wikace and given fimo_€0
aldows tho o Pevetsane  From and voids ©F

- Fissures to €he dovelopes, CrEatINg O visibie

| ' dication.

X Then Hhe prescy bed developes Adwedd

 fime, the Pawt iS incpected  Visualdy,
siith o ord of o bAack Jight Fov
S lusyescent  Pevnetnuntd.

Ao voloperss o€ Fine grained,

|_ ﬁotva*r\-t@gec@ f

|
'.I%Reica;-iue cafe OfF w9e.
X can be uged ono wide yauge of- makerials.

\%L,cwge Qypms Cax) be ingpected. Yapb iddy
'\ with dow ST
X Tndicotiod axe P

\% Tnitial €9 uepment snwestment 1S Jows.

Auced on the Surtace



N IR e S ST [

_%_égﬂi_g_&eéec{s Swrface bveaking dofectg

¥ Requives Yedatively Smooth Nov porows material.
X Pre cMnn‘vg s C¥itHcal

X C homical f\m&u@ng Pye cautiong necescany.
% Pos+ Cleamivg 14 nwecesary 4o YemMove_Chainical.
| Magnetic  Pareicle Testing

| Magnetic Particded

Magyetic fredd lines

* MYGnetic  Particle testinyg uges ave oy move
il magnetic fields 4o Jocate Sundace and newr -
| Swidace s coneinudties T fexyoynagnetic

l Materials.

*® The wmagnetic fiedd Can be epplied wit)

A Permanent magnet oy an  electro magnet.

* When l&ing  an Qie&)roh\oo:gnef;/'&hn_;ﬁl‘eid
'S Present ondy tWhenthe. current s being
app_Lied .

X When the wagnegic fiedd encounters

& CJiSCO“ﬂ\f)ui'&g t¥yans vexsce to the divectioy
O the ™magnetic Fiedd, the Flusc Aineg
PYoduwe a waygnetic flux Soakag $ietd -




¥ pecanse. Yhagnetic Fluoc Aines Ao vt trowel
wedd tn ey, Whan very £ine ¢ o lnured
}QWD g netic Porticlor ave applied t the
Suface Of the Port the porticleg widd be

- dyaun ints the Ais esntinwity , reduang

- the adrgap and pyodlecing  a vidible

‘o icotion  on the. Sweface. 0F “the part.

¥ The wagnetic Powticles mad be & Ay

. Powodler of Suspended N
| and they maybe Colpyed witha visible
QQS& oy L Fduorescent oﬂge that fduoresces

Under an Udbrovialet Light.
prelvantages:

| % Can detect hotlhh Swrdace and NMeax Sk Suijace

Aefects

X Con  inspect Ppasts poith  1yregulay Shabés
@C&St‘ﬂ,ﬂ.

"{% Dye - c feaning s hot cyitical

\%jnoﬂj&ﬁoy\g axe Visible A vectdy on the

| S pectmen  Swrface.
w Tt is  Portable and Just method of ivspection

Limifations -
X Cannot INSPeEct Yon-fexyoud matoriald

X Speciall Powey yequive fo¥ ‘ns Pectiovn o4

Aavge  Paves.
¥ Some. portd MY vequire. Yemoval of-




X Limitedk SWpSWhfae  ausSLOntAnLLety
oletectioy capabilities.

¥ Adignment bet ween wagnetic fluoc amd
Aefect is  impostamt.
Theymograrhy Tegting

Fﬁ:‘?‘ i:: 7 §M TR vediation

B
: —>
s o

| To Pc 3 .

< 1 < —— :@.5/""’#5[‘95@({
Comem e
/] >
BN74 < >
i B

Light Heat conduetion

e Th@—onﬁmehS tegting is Wed to measure the
Surdace ‘tgmpe'{aﬂm"eg baged onthe ”\J‘—YME’_A

- Yadiation given Off- 'BS am oObject ald heat
FLows through = 4o o Frow +hat object.

¥ The wmMajority of infraved Yadiation is
SLongexr in wowe Longth than visible Hght but
Can be detected wsing +theymal maging devices ,
Commonly calded infyaved Camevas.

X Fox accurate TR testing, the pPart being
Investigated Shoudd be in oirect Jine of Sight
With the Camera.




% Thevmal maging canbe tded t dotllt

| CovveSion damage,, de-JLaminationg, e bondd,,

 Voidd , incdusions as weld a8 many other
detsimental conditions.

i il
¥ Non cContact

X Can WOYK ata oistance

¥ Fagt and veliable

X Portasle

LymHationg

¥ Now intvrsiceddy sefe.

X There wmugt be a tempeyoture Aiffevence
For Ceyfmin  SUrVeEys.

X OPperatey expesience 15 essential

X Filtess may be meedod For Cevimin
- appli Catinng
X sensitivity and rvesedlution Yeduce with

| Aistance and angde of yiew

\E_daﬁg Cwrvent Tegting

‘ X Eddy cuwsvent togty  Lgeg the fact that

whey an  al&esnatig Curvent coi L induceg
an € lectws YNagnetic Sield into a

. Conductve {est piece., & swall cusvent

5 Cvemtod Oxound the Wagnetic flug fiedd
WMuch JiKke e nagnetic Sredd 15 Jeneyated

| M SNt Al 711 o lortxr CUXYeNF



¥ The Jhow PpPattorn of this Secndary Cuwyent,
Calded an eddy curvent, widd be atfected
when it encountere a oU‘-SCbnﬁnuﬁ-ty in the
test Ppiece, and the Chorge in the eddy
Cuvvent devgity Can be cetected and
Wed to  Charactexize the olisoowtinuity
Cauging that Change.

coil's Ynagnetic

" fiedd

Fdedy cuwvent's
/";nagneﬂ‘c frede

ConduCtlve
matorfak

¥ p simplified Schematic 0f eddy cuwryentd
are genevated by an  adtexnating Cuwyent coil.

% BY Varying the type 0§ coill, This +eogt
methad Can be  applied o fdat Surfaces
oy <twbudar  Pryoolucks.

¥ This technigua. worKs best on Smooth
Swyfaces and has Umited pPenctyaton,
Usualdy Less than 4" .




X Enciveding coils are Used to test -twbuday

and  bay - shaped Pyoducts.

% The +ube or boxy can be Jed thrmugh the ¢oid
at o yelativedy high greed, addowing the

| Fudd  C¥os8 - Section Of the -test object

. to be Intoyyogeted.

X Howevey, oluc 4o the divection of the
Flooc Mines, ci Y cCamSeventialdy oyiented
alis ContnitieS  ™May ot be oletocted vstth
this  application.

. Advantages:

% Sensitve o Smald cracks and othew defects.

:l% Detects Swrface and WNeow Suwface defects

‘% Tns pecton  gives iywmedlate Yegules.

% EqQuipment 1S Very Povtable

X Mimmum  Paxt  Préparafion g yequdved.

- Lymitotions ¢

X ondy conductive wmateyial Can be Tnepected.
X Susdace wust be accegeible o the Probe.
v‘é Sl and training yequeved.

i%é_‘Depﬁq of Penetvation i imited.
- x Regevence Stamdavds meeded Foy- Setuve.



ULtra Sonjc. TeSh ng

e . _!‘/'
/ - Udtrosonic Trang duce

F./(a.k/ —_— ‘ ‘

Lo

Hudtra high freguomey coundl is  inbreiemd fnts bie
Port being nwepectesd amol BHe soumd WS o
medoeicd with olidferent  acwustic Tmpeclane,
Some & the Sound widd veldoct hack €n e
ige.mU‘v\g it ond P yegented on a uisual il

/9‘ BY Knhowing the Specol of tho Sownd Lhrocah e
- Port omd Hoo Hme regusyeol oy the  Shymol
{! T Yot e sending it | e olistane 4o
Yo Yhloctr  cam be  oleformined.
lf%“rka, MoSt Commoen Jowmd SFreqleencies
Ugedd in UT petueen o amd (0.0 MHZ,

|'. which ore oo high 4o be heard and
s Yt braged throwgh  cur,

K The Lswer $raquoncies have. greater
Pevetrating  powey but o438 Sergtevity




x goundk s corodiced  ints e POE g

Can udbreonic  Yromgolilest Haat Converes

| Cdocaicsd Impuliges Syom the UT yo e hing
inks  Sownd  Wawves  then Connered TELWINIVG
Sound. back intn  eleceric o pullses

that Con be clisedoyed ag A vis wak
- Yepvesentation  ON A Aigital oF LCD Screen,

% position, 81z and *Hpe of AeES cam be
\ Aotomrmined .

X Tugtant 08t Yesultg.

I‘. 2. PoY—EmEL&

M Copable of being jtu,uﬂ cru-comadood
X AccesS &0 ondy  one stdle NeassaTy .

L_A_Wf\r'f:aﬁons *

X Swydace wmugt be accestible Lo tyangmie wltyabu

A oKl amd tyouning s wmox® exiomsive

S A coup ling mediam Y‘eq,wired o Promute

| tyandfex  of Sound .

'—X Maferials +that ave Yough  Vvery Small
ave. Agdicale & ingrect

X— Cast yon and.  othary COONSE fﬁ“roeﬁneci
wwiﬁmw% oxe o&bﬁg{c@d{:@s nopect .

e ———




Acoustic .}Emfg%{oﬂ Tegﬂ'»}g %
Ssnad

Sengor  _— J

FE? £
— —
— — S .

e —————————

| A O(tic Emiselo n
e T | De&z&ﬁ_qn__ Ingbyrumen /

|

|

< i ; |
. "_’: = 2 H_CD ) .
| ) ] - |

L) Emisgion| ~ 8 |
PSS Y Wave B |

% ACOUSEC  EwmisSion TEegEg IS peyfevimed by
anpa(ﬁ}y\ﬁ a NLocalized exctocnal force Such
ag an  abvupt Wechanicad Jloxd ov wapid
e wpercettire. oy Pr. change o o Part
being <04ted .

* The veSubting Stregd tuawes T -srn
Jeravete.  Shore llweol, hgh Freguency
elaseic  wowes M tho Form oy Smald
maderial  displacemones oy pPlaseic olofovmation
Onfhe  Pont Swiace ot ave otcoend
by  SEVgors that howe beon cuttaghad
W the Pure Sudfece..

X when  Mmuple  Sendoxs are  uled,
the Yeswlting data Can be €veluated o
Kocats s continuites in the part.




Mg H Tgh Sé&:ﬁuk_@j

| % Eavty amol yapid dogaceion of Aofeces,
Flowws |, Crack eto.

¥ Recl -tme. Wonitorivg

X cost redlickiay

X No neeo foy S Canning The. vsbiodo
Shyuckure  Suface .

Lo €aecond

¥ T s Ghpegs gl omal each {ocdivg
s ole Hevent . '

X L oediy hiseary £y be wmoin-ained.

¥ € pustec Emigsion Cax bagubjé&a&
‘s  Noise

X The Struckre tndor 28t wili
w@akened oo acoougtic Idtress wewe.

 Radiography Teé-dng
¥ Tyclies osial randiogyaphy Invodved e posing
o. +est object to PEhétTaﬁng yodiation

g that <the yaoliotion Ppagfes thyoug h
the object being ingpected amd A yecovelin
medium  placed ageirst the o pPosite

| Side  of +that object.



["’ m, < SOUTCE. QF

/\ Yodiation
Mmodorial is  / {0\
| -thinnery '
| 0 bject /

| / \‘. % . Fidm

% Fox thinner v Less odlonse meateniald Juch asg
aluminium, electrically  genesated X-yadiation

CX-T%) 15 Co‘mmonﬁﬁ wed . Thicker o
olongey madtoriads amd gamma Yo oliation
18 genercddy usedd.

* Giaamma  yadiation 18 3iven of-f by Q(Qm:y;‘ng
Yaclionckve mateviald, with the two Yest
commondy uged SGouvces of Gamma yeeolia-tion

being Tyiollum-194 amd Cobalt-60.

¥ TR-194 15 genayaldy uged for otoed wbto
2.5 40 3 imchas, Ao pending on the curie
Sthength o the Sowrce.,




!xT}\o—‘reco*roUnﬂ yedia. Can b€ industrial X-yay
Fim or one of Seveval tyres of cligital
Yoeeldationy — Adetocesys.

% DowKer arems , wnoye Yadiation het Pagsest
through the Part and Mghwr avess, fess
Yadiation has Penetroted.

X T& +Heve 15 a vold or dofect in te Pt
More.  ¥adiation pagses through , Causing
a olarker image on tho Fidm oy Jotoceny

Pscl&fam-{:ogﬁé%

¥ Techmigue s ot Limited by ynoutorial

- Hee or cﬂa,mg(-eﬁ

% Cay ngpect aflembies Componawts.

S minimam - Swface.  Preposoctdon vequired

‘-¥ Suyface and Suk SwiFace dedeces

| Com be Aotpcted.

‘% Pyovideos oo peymanent Yewrd 6 the fngpeceior

| Limitations:

¥ Many  Sefedy  Precautions oy dhe e of

htgh hiensiey Yaoliceetons .

> Many hpuve o} 4echnician tyadning  Pyjor 40 Ule.,

X Aceess o both  Sieles o Seumplo. Yegeuived.

| i_% OYIenzction 0f~ E9uurmert amd o Loww

. Cam be ceyitical.

¥ Expengive. initial €quipmant cost.




V@ iouy  pnysicar  Charactes ;sHCS of  moatRW als

ond  theiy applicoations in NDT

Heot Tyangfer -

* Heat tyangfer 18 e @xchamge of thermal
ENLYIY  between Pphysical SGystams.

X The Tate oF héat tyansfey 16 dependent on
the tempevatures 0f the Bystomg and the_
PYoperties of tho  intexvening medium thyoeg)
Which +the hoat 18 tyangferred .

X The three. fFundamontal modes of heat

| Transfer are concuéetion, convecton and Yoediatis

X Heot transfey, the SFLow of energy in the
Jorm  of heat, is a Pyocess by which a
Systems  intonal  ewergy s changed.

¥ The colirvection of heat tyansfey is From o
yedion of- high temp. 1 ancthex vegion of
Aswers fomprsature  and 1S govermed by the
Second Ao O %Mscﬂgham‘tcs.

&% Heot transger wild occus in o divection

. that incvengeg tha @ntvory of the Callecton

o} Systems.

¥ Thevrmeld €Ll bytum is veacho ol
bohen  aldl volued boolie8 amd the

| Swrroundirgg  reoch the Saml fomperative.

X Theymel expardion is the +endency of-

| Metfox to Change. M vodume i responge

| —+~ Alhhrnae v 40 mMDPE Yo -HUXE .




% The basic Ppyemise of thexmographic ~bT

i 16 that the Fflows 0f heat Fryom the Switace
of a golid 15 albected by intermed

S doaws  Such as Ais-bond8, Voids or ineduSions

X The USe of Hweymal maging systems for

 induSbsial NDT  aphlicatione  wild be the

- focug of this madial

| Magnetism -

X W;cuamebism 15 a cdast of  phylical thenomona
that are wmediated by mMaegnetic Feldd.

X% Edectric cuxyents and the MmMagnetbic
moments  of o loynentary particle Jive

| Yise o a magnekc Siedd, which acty
o oty cuvvents and YNaghekc moments.

lf% Every Matxial 5 ing duencad to Seme

| Exttent by a magnetic SHedd. .

e Thee most FJawmiliar e4feck s on

[i Feymament magnetl, which have pessiséant

agresic  moments  Caused by Sferromagratisn




¥ The prefisc Fevvo - ¥4es to [Yon, becarwe
Pey manent WMagretism wag first obServed
m a form o) natural ivon sye Occlted magnetite,
F€y 04 .

X Most  waterials do ot howe peymanent

- Moments. Seme  aye atbracted £5 @
Magnetic Sledd. othens are ye pudsed by
A wagnetic ekl 0 Ehors hawve o more

i C o mplox YeAationShip  wurith em a,ppl{eoﬂ
Mognotee  Fiedd ,

* T he_ Magvetic  gtadp 4t a pisdiiial
depends on temporatume amd ohor Vervehleg
SUch ag  pyegéuwre and the aeplicd
Magnetic Lield . A matorial Moy @ hibit
move than one form of  Magnetism as
thege Varieeh e 5 C’l’\&mﬁ@.

X Magretism s uged +t» ngprect maferiad

| Jor Plouwg .

% O0ne O the NDT ‘methsds Commondy

KSed 15 Calded Magnetic particlo
| N8 Pe 42 Om.

X The Yeagonﬁourge thas fest 18 4 Ffind

Smald  oefects (v  ohjects before +hey

| become bigger dofects and aauge Setious Foblomg




* In  wmagnetic  Porticle ingpection,

. a wmagnet oy edogerical Crosvent 1S
used t» @stablish o magretic Field
in the. object .

X The gﬂfigﬁinjg Shovdd align olong the
magnetic JQineg o Forvee.

X 14 a cyack oy oty dofect js
Pregent, the waghetic §ines of force
wikd be.  dlsyupted and the wegretic

’ Poarticde s widld cduwstoy along the

- edges of the Flow.

| -
Fddy cunent  Princiele:
 The eddy cwrvert methed is baged on
thoe PYinciple Of  Qgevowating  Civewlar
C o cdiced  Cuvyents 1 L c oncluetive. matexial
This 15 achievesl by the wse of a coil
Connecteal 1o an adtesnating cuwrvent g¢rovatoy
CB\YI‘V;YB on QQQWLQ@‘@ m%me&g.%)‘epﬂai.
ECT 15 one of wany e lockromnagnitic Legting
IMQH@&S Wed in nondestructive.  testing(NoT
- Mmaking e of eloctyo magnetic  noleeceton
to odotert oand chavacterize Swyface and
SUb-Swidace flaws iy Conductive materials.




E g cqnicad  Induction: ”

| % Eddy Ccuryents aye Loops Of edectrical
?erent mduced within  Condluckors by a
Chamging  wagnetic Field in the comoluctsy,
oo tn Forrorolay’s Aocs ofF toduction.

X gddy curvents Fdow in choged Asops
wothin Conducksrs. n PAaneg  perpendicular
to -the magnetic Field.

% The Magnitule of the current 1h a
given Loop is Pproportional to the Stvength
0f the. WMagnetic Fiedd , the avea of-the foop
The yot of chane 0F Fdux, amd (nversely
Propovtiondd to the vesistivity of thematorial-

% Eddy cuyrents ave also uded in heat
object? in inducton heating Funacesd amd
equipment owd 4o oletect crvacks and
$ foews In metal ports 08ing eddly. corvent

testig  th8rtuments.




¥ Edoly curvent testng is uged 4o detect
surjace and Weay SJwiFace Fhaws in
Conductive watessiaks

¥ Eddy o wxvent ingpection IS also used &
Sovt haterials baged on electrical conductvity
ond  Magnetic Pey meabi ity amd Meedwres
the +thickness of £thin  Sheets of metal
and  mon Conductive Coatings Such al Paint,

UltyaSound Freguency

L— P@jt Ao C‘{_,ée[_ LiaVve

~=F

‘f" k. " “\I N\ \
A ' -i }
:\7 T \| 0 .! ] 1|| |
[ f \ / ; | ; \ 1 ‘. i
Sendey/ / ) ] Object
o e L ¥ A 9 /
(<€l vey X X
C\ﬁ" !‘C“ ), J
! - _ ‘
1 D '._'5-‘{7’" NCE L g

X Ultyasounds ave Sound wowes with

| aﬁr%mdeg hm‘ghox than the upper audible
Limit o4  humam lné’,cwfng, This Admit
veuried Fyowm  PesSon s peston  and 1S
appyoximatedy  g0.000 Hewtz 1M healthy

Yowng aelulfs .
5 Udfrasound devices opevate with

£ requoncies From Ao KHZ wp+o
Ge verel  Ji9a hevtz



X uddya Sonic tegtng 5 a. tyre OF Mom-
A0y u ctive +e3ting commony U ged to
£ind Flaws in voawrfals and o meedure

the +hicknege of Objects.
X Fv’e?u,&ncie& of & to o MHZ ave

Common but Ffor special p Loy poSe S
othey FYyequenciey axe wged.

- Inspectiopn May be manual oy automated
and (5 an essential Past of wmodern

Menufa ctuwsing  Processes.
X Moest wWMefals Cam be ingpoctesd al well
al eloctics ond cévospPace Composi+€3 .
¥ Lower frequency ulbsagound (5o-5ooKHZ)
Can also be 8ed 4o inspect 888 olense
matsialsS Such ad woon, Cancvemmd Cement.
haoustcs

X Acoustics [5 the interdisciplinesy Science
that clects with the Study of ald
mechanicad Waues in Jages, Liguids ond
Golids 1ncuding €toPics Such a8 Vibyation,
Sound, vlersaSoupd and Infrasound.

X The Sy of acoustics ravolves aroumdd
the genevation, PrYoRagation awnd Yecepeion
9F mechamicad Waone€ amd VibYortions.




Yoot S Loor Livst at the PregSure lovels
and  Frequencies in the sound Wawe and
how +he Wowe inteyaces With the€nvimmene

M Thig interackion Can be described as

cithey Aiffyaction, intevference oy
A YefLectsn oY e wix 0 +the three.

rMechanigm Uone Recepton | |E{flect
L (trarsduciany| |PYoPagation| (Trars duction)

¥ AcCOUBHC emission 15 o very versatle ,

von- invesive Ujay to  Jathey indoymation
about a Yaterial 0¥ structuye, T+t 1S

app licd +o inspeckt and ynonitor Pirelines,
pyessuye vessels, Stovage tawks bridges,

ACYedt , bucKet tyucks , vaxiesy of
compasite and Ceyamic Composites.

X T4 05 al8o wused in pyocess cowntyod
opelications Such as monieoring we Loling
Pr¥ocesges.

Radio 3raphy

%R&oﬂxOSrdphg 16 o fma,gfng tec.hnicy,u_&
that Uges electromagnetic ¥adiation

other than Visible lght, €sbecially

X-veys, 4o View the mternad SEERCEUTE af
A wen Uniday .l combaceol amd O pPaoawe Object.




LR T

* To Create +the image, a hetoyogeneous beéam
OF- X*b’cgg is Pryooluced by o X-vY Yevoyatsy
avd is projected +b ward the object.

K A Certmin  awmount of X—vay i abaevhed
by the_ object, whichis dependent on the
Particulay dovgity amd € owmpeSition of that object.

K X -yayg Pase tHwvrough the obect ag
Captured behind the sbject. by a olotoceny .

% The  detoctsr  Provide oo supeysmposed

AD vepreSenrietion of old the objects

intor nell  Structures.
Caﬁf.icr:h'o“ Solunte.

Top view

X X-yws and Jawma veds clfffer only in Hhedv
Sousce  Of ovigin.

H X-vaygare Pyodumd by an X —¥Y georacor
amel Jomma veeolicetion is he. P wo dack Of
Yoddpactive afomg,



= T[/to.g axe both Part ofF the e Loctso magnotic
SPectrum .

X 'TT/\D,y are bLrouwré. .}o'pmg . ag axe J@[’r‘& Tayg,
ey wowes emd Yo din wrewes.

- X =Teys ave uged 45 Produce images of
object  Wsing Sl oy othey detoctsy

- ek (s Sensitive o yooliation.

K The <tege shiece s PAacod beteow the

.I Yacliction Souyce. amd Jdetectny .

.l X This Varration (9 ‘T‘@-QQECL—E:@DY\ PY0 ol ogced
an image  on dhe decocesy Hot often
Shows  Tndewval Jeatvey of He 29E pbiact.

|

X Rediopaphy is USed 4o [ngpect abmet
ouvny  woovicl Loy Swrface  cnd ¢ ubswidace
defeces .

X X-Yous adso used b Joawtes avd mewswres
INtornd  Seatuaey |, confivin the Lbcatson
04 hidden Parts (n an agsembly, amol +o
Mmexg e thickness moderiqls .

e
Visuwad inspection’

X visual testing indpections Moy be by olivect
. ey

vicwmg  USing A SIght visSton  OY "7‘1"}6('/3 b &
nhanced with the We 6F gpxical
nstruments Sueh  ag  magnidging g lapses,
MIYYOYS | bOYoSCobes amed Computor @38:Sted
Viewing SYstoms




[

X coyvosSion wmigadkigpment of Perts, Pysccal
olamcnga ond  cYacks axe Just Some of
the olisconfinuieies that wmey be deto cte d
by yrsual oo aminations.

X% vrsuek  Indpection 15 chmglified into
tWo Categoyies

. Un ouded  inspection

Q. Aided IngPection
Unaioed viswal m8pection

ohlect

|
% There 18 mo intetruption between +he
eye and the object i1s calded  Uncuided
visuel TNgPection.
¥ The human eye is one of ynan Kinel 6
~rnost fees Ginaking  tools .
X% Tt hag 9yvestonw Precision oand  accwracy
T than wmamy of the wost SophisH cated cameras.
% Tt has unigue docusing capabilities
amd  has the ability €D oK n
Comjupetion  with +the homan  brean
Go dhat it canbe tyeined o Find
a pecic dotoal8 oy ¢ hovactryistics
| m a Port 0¥ test Prece.




% The huwman eye s Capable ©F a58e38mng
any yisuel ¢ horaden st ond ideni4ving
Voxiou& types of Jus continuities.

X The €Ye can Pexform accurate 1N pections
to Adetect size, shave, Codor, depth  byightness,
Contrast and textuve.

Y Ty the Fabrication industsy, wedd size,
Conour, Aengtn oand insPection for Surface
olosContinuities ave Youknely gpecified.

* Forgings and Castigs ave wormaldy
INGpected for  Suvface indications such as
‘ Laps, seamsg and othey various Suwsface
| Conditsons.

|

Aided Visual inspection:

| y ~
Je TE {6 e Proteds of E30mipadon and

Euoluotion O Syefmg and componend
bs use of Opfical aids The foddowsing
et ncdudes Yost opficad aids
cwrvently n wie.
X MYyprs
| S Magnidying 9dagses, voulu Aens vwagnifiens,
‘ Meaeguying Wayvifierg
¥ Micvoscopes (optical, eleceron)

X optical Fdats (for Susfaco flotness
Y Eas e nent)




X Bovescopes omd Fipey - obtic bovescopes
¥ optcal Compoarators

% Photo 9¥aPhic  vecovds
¥ closed - civeuit television systemg
* Machine vision Gystems

RoveScCope. !
‘X A Boyescore 18 an ppHcal device Consisting
0f-a Y oy gug.xibﬂ& tube. wirth an eyePfece
~on one end, an Objective Aens on the othey
end  Linked tngethor bY ao velay optical 8Y3tam.

¥ The optical system is survouwnded by
opticed Fitess wSed For Adumination of
the Yemote object.

% An  intoynad imege  Of the A Luminated
Object 15 formed by the objective. Jdeng and
Magnified by the ¢€yepiece wWhich Prélent’s

I Tt 4t the Viewer's €ye.

1
= objectives  Sensors Lightgude penol
I rﬂm ] Section Efefiece
| el
Py b
w DT i
‘LZ-.: 5{;@41«!1&55 Steel tube \ E)'&P{ec& Leng
E T |
[ L InSeyton Section
o3 &lelc{_ LIght Gruide
| Light Souxce i@” — 7] care



o Boyescopes axe Commanly  uSed in the yisual
NGPecaon of Gycyadt engmes, indugstriad gl
Turbines, steam turbines | Adiegel €vgineg , automtive
amd  tr wck €engines.

X Gias and gteam turbines YeQuere Pag-ticalany
adfentity  because of salety and MamgMance

| Y@,ﬁz (Li¥e ments .

% RoyescCope Can be uled tn 1ngerection Of
engined to Prevent Unne(e8fery mMaintenance.

:’% They axe al8o wled t» jnspect machined

and  Cadt Posst8 cwitical iNtwior SJusfaced
L Such. ag boyrs, Suxdece Finish oy Complete
| thyough -hodes -

———— —————

‘PO__Ptiaal Flat

'HC An  opticald flat 16 an optical - 9rade Piece 04
9iess  Jdapped and polished 1o bl gxtwewely

JAok on  owe or both 5ides , usueddy within

\ o dew  widdionths & an inch (aboue 2B 0m).

X They arve used witha monochre matic JAght

} to detoymine the flatness of other op-tical
S wrdaces by  intewfeyence.

5% when an 0PHead fhat 15 P Laced on ansthoy
Sweace.  and  dduminated, the Jight wowes
Yerlock OH both Hhe bottem Surface of

the Ldot and Hhe Surface Vs Yesting on.




X This cousges a  Phenemernon Simitas £0 thin-
Fldw  intoyference.

¥ The vYeflockod wawed (ntws fere, cyeatuny
o Pattorn of Intorfevence  4ringes V1&ibAe

= Mght  and Adark bamds.
| cptical Flat |

|' F Test Piece |
@
| — ﬁ..—

| Flotness Evvor of Test piece
O Fringe (4 )\ ) Pexdectdy Flat

% The Spacing between the $ringes 18 Sroalloy
' where the gap I8 changing move Yapiddy,
- indicating o departiae From  Sdatness in
One of the twpo Suwsfaces, ina Similar way £o
the ontsur dines on oo marp.
¥ A flat swrtace 18 inclicated by a patteyn
of Styaight, Pasraldel Fringes with egual Spacing,
While othey pattorns indicate unevey) SWifaces.
X Two adjacent fyinges ndicate a difference
in edeVatian 0f one-half wave longeh of the
Aght USed, Counmting the Fringes Alfferences
in  elevation of 4he Surface can b€ yneasared
to  yddionthe oF an Inch.




X USUaldy ondy one of the t+wo SwFaces of
an Optical Flat 18 made Flot o the
Specified +olevance and this sSwrface 18
nlicoted by an axyow On the edge of
the  glass.

“optical Micwoscope

¥ The OPHcal wicyo§cope 18 o type of
 wicrescope which t8es Visible Llight and a
Systom of Aendes o ynagniyy images 04
Smald  Samples.

% optical wic¥oScopes ave +the oldest deosgign

0§ wicroscope and invented in | 7THh Contingy.

X Basic oPHcal WicvoScopes Can be very

| Siwmple, althaugh theye owe many ¢ omplosC
Aesigns  uihich cum to improve Yesolution and

- Sawmple. Contrast.

% The image From an oPticald micyescore can be

C cptussed bfj Noyyned ﬂighf- Sensitive. Camossas €0
Jeneyofo . o MiC¥o gyeph.




=

¥ oviginal images weve captuved by
Photo gvaphic F1AM . chavge cupled device
(cep) Camasas aldpw Hoo Gt of digital

| r‘m%@s.

* Pwrely dugital wicrogcopes axe Nowy

- avaidable which wWe o Cep Camere. to

examinge o Gample, Showing -tho YeSulHng
Image  divectly on o (omputey  SCreen
Without the need foy eyepieces.

Magnifying Gedass:

% Magnifying dlass s o convex Kens +that is

| USed +o pPyoduce o magnified mage of

| an object.

¥ The JLens 5 uguatdy wouwsted in o Frame

. With a handde .

% A mas NIHEY Congigts 04~ mamy y@m Nay¥ow
concentric 1ing - shaped Jdenses  guch that

the Combination acts a8 a Singlo Jong
bat €hinner. This arvangemont iS5 Krown as
Fresnel Mens.

* A magni £Ying ghass Coan he Used to focus
JQ‘SHJC such ag 0 concentrate the SU»s

yodiation to Cyeato o hot SPot at the
focus for Five Stacting,




ConvexX fens ]

il

- \ O F Ak
s nage T oRject ngl;ff" /
Pyinciple axt$ - : 7( |
eye ™\ }

% The mMagnification of a magniFying glass

| depepds upon wheve It is placed betwen the
user's eye and the object being vie wedl,
and the total distance between them.

¥ The. wmegnisying Powey 15 equu welent €0 angulaw
agni4ication. T he wmaghifying Power 's +he.
Yatio Of the. 8izes of the iMmages Formed on
the users Yetina. With ond without the Lens.

I_f*ép,ﬁica@@s__ of vis ual fﬁé{?éc—tﬁon- -

X ITpS pectisn 0f CoYYoSion, eyosion, CYaCKs , Syactime et

3¢ T loptification of any Loakage, abnormed Opeyations ete.

% Finding of Wisalignment of Porks inthe eguipments

X TN S peckion 0of weld defects Such as Surface Cracks

QmcK of Penetration, teay CYOCKS, excess reinfercemant

PoYoSities, wmismatch EtC,
§ Tdentification 0§ minute Aiscontiniei ties with
+ho  hodpP of optical asds n pumps, cowPresSors,
+urbo gengyotsy parts, Mstriments ete.

[




ol |

UNIT -4 MATERIAL- C HARACTERI ZATION TEST NG

‘- —?G-Mafen‘aﬂ cka{mc-ﬁo,ﬂlafcion_ 18 +he Process of
masuwring  and  oletermining P@gi(@a&, chemical,
me ¢ hant cal and - WicroStruetwrad Pyoperties
6F  watorials. "

M- Theye  ave o a8
% mEcTo"ScoPg tn.Stng

¥ MacyoScopic testing

M{CYOSCOPY

H-MicYoScopy s a tedhnigue that aldowss the_

aﬂﬂmm‘rmﬁm of both the. CompoSiion amd
the  Strucewe of- a Material.

T 18 &S;S’en&a% the. Process of viewing
he.  Stytuctiye. on4 Much Fney Scale
Mot PeSSible with the MNaked eye.

X The Prorevties 04 Watevials with
extyemely Fine Feotwres amd  Alfecks
thoSe ave ondy  peogsible £o observe.
US™Ng  WicreScopic tedwmiques.

MicvoScoPic  Properties of matorials

X condaminants & Puriy
1K Ihg'recﬂemtg |
% chemicad bonding




% Molecelay  patorn
X cyystal Sbructmve. §, Jattice bonding

X Nonp SiZze

MICTOScopic  IwsStyuments .

X 0bticad MicroScope.
#-SCaming  edoctyon MicveS cope

X TrangmisSion Electyon MicroScobe

K Fredd  Ton MicvoScope

R Aomic  Foyce. MicyoScope.

% X-vay i vaction $oPo 9yaPhy
Macrog c@?c ob Sevyetions

K In w’l«?c:h Some_ Phgchaﬂ and chewmical
Chonges ave  obseyved .

> This Ckm\ﬁa can be  observed 5:3 +he_

| haKed eyge. |
e This Simple Procest can Yield o large
amount ' 6F INformakion about +he_
materiad — such as the vdoun of the
material, its Juster | ts Share , S
ComPoSition, HS Structigal Jexthmes etc.




% UdtrasSonic tecnigues

Macroscapic ProPerties of Maderials

| % Density

% Valume

| styvength -

I Hagdnesg | - !
._>Q_ Rolrghness, e't"—‘r.

Ma crolCobic Tynstruments

% Mmechanical testing | 1n cduodlng tengile, aympresdive,

torsional, creep , Joctigue, -toness omd hardhess
testnyg .

e Diffeyential thermad analysis

- Diedectyic thermal cmm%»j S

X Thermogravimetnic  amadydis

- Differential  Scannivg  Cadoyimetyy

optical MicroScope. T hetcvmey

% The optical MicyascoPe, alse Yederred

to as o Aight mickogcope. that Commonly

Wées Vigible Aght and a System of

lenses to  geveyate magni fied I mages
0f  Smaddl objects.




Principle.

* The Functioning 0f the Aight microScope
1S based on jts ability B focus a
beam of- Juaht thotgh o Specimen,
Which 18 Very Hmadd ond -Eyansparent
Tto  Produce an image.

M The image is then PagSed thvotgh one
oY -two Aenges for magnificekion for
UVlewtrg . |

X The trangpavency of the Spelimen

addsws  easy and quick penetiution
of Might .

1 . . .
; Eyepiece

. Rough adjuslment

5 —Bodytl._lbe

(. Fine Iadji.rst.men!
K. & \' . Nose piece

High power
\\ objectve

Low, hawria®e : b
0 Q:fua/ § o
<l s -

)‘\j\\ Stage : f
—~__ Condenser

Iris diaphragm
_ Mirror

—Base

'+ Fig. 4.2. Typical cross section of opticl microscope

ST i e AR b M A A A el S, B T B




i GOMFan.WtS

A Eye, Prece-

£ pbjective. twrret

X Objective. lenses
X-DiaPhvegm and Condaenger
M- Focus KnobS

> S1de

X Light Sounce

W@TKinﬁ

. % The Stmge moves up and douwn when You
| turn ac thumb wheed  on the side 0F

the. wWicroscope.

% By weusing  amd fawering the Stage,
You W\ove_. the. Jonges closer -5 oy
Further away From the object You ane_
extaminivg , adjulting the Socug of the_
I'mage. .

K The shide is hetd in place. by
two Mmetal elips, one on either side.

% Light *E?;"aniYﬁ up from the m?ffr“ofy
Pagses through the glass  suide,

Stecimen amd Covey slip +» the objective
ALens,




I This  wmalkes the Fivet  ynougnification;
s work by Sprveading out Sight
Yays dvom -the Specimen So they arpear
fo Come. F¥om a biger object.

X The objective. deng (WSUaldy Consists
0~ woye than one Jlens.

- A Seloction of othoy obsective Xen,geg

Can be.  uSed to  Mmagnity -the SPeumen
by wore oy Aess.

L The. eyepiece Jong magimifies the

b mege From the. Objective -/QO-M Yaﬁer

JUKe oo M agnifymg glass.

X Some micro4coPes, You can Move the
EYepiece. WP ar down by turning a t;xrhe_eJL»

“This 9ves Yow Fme  contrpl of the :pocus.

| magnificotion

*The__ YY\aacfmum Magn:‘gticaﬁ&)n Powey OF
optical  micreScopes 1S Bricady Lmited 4o
cosownd 1000 X be couge  of the Lowited
’b”e.soiwvg Powe'r Ogﬁ vr‘S’rbﬂe J)-Ljh*&




| Adven-tzges | 7

Yre is relativedy easy o use-

K T 1S Smadd  and ﬁgh-twe?jh-t.

KTt . offers high feveds of observationak
Juality.

¥ Tt s unaMected by electyomagnetic

Liedds.
5Tt does not yeqguwire vadiation £ opevate.

X Tt yeguives Very Jittle LTraining.
M Minoy waintehance.  Cost

X Tt s Fuddt adjustable.
Disadvantage g |

X Low ma.g/rgl,*@ﬁgﬂ

¢ Sepaote. Sample.  Preparation

M- Pooy  GWface View -

S Light wicroScores cannut operate. v
AaxKness _ '

X Light wWicvoScopes  Cannot PTvide.
dhvyee - ol mengionad  Yendorings.

APpLicationg |

X opticad vicyoScoPy 1S Lged €actangively

' icroedoctronics, Nano Physics, biotechmlagg
yeseawch , minemdogy ouno micro brodogy.




2 optical micvoScopy s wsed For medical

lagnosrs.
e Ty mm-c-.mn use , binocuday mrerosSiope:

axye C‘,OY‘(\YY\OY\.
Ty ceyvtain  applicoBong, long - focus

rateTo Geopes  ave - benepiciad

£ Llectron Mic¥esCoPy

> An edectyon wicrveScore I'sa MicyoSCope
that USes o beam of accelorated e&acﬁmm
as o Source of tldaomina-ti on. |

X AS the wovelongth of an electyon Can
be tfLPfch 100,000 Emes Shorter €than
‘that of Usiele Adghe Photons, efoctron
Wi eyoScopes have ao c\f‘g{»\av ‘?Fegok\ft‘ﬂg
Power than ight weopoSaPe & amnd can
reweal the. SOructume of sSmalder thjecs

Types 0f Electbon MiCroScoPe

X- TYyangmiSSion Electvon Micyo SCore.
¥ Scanning  Elecoron MicroS Cope_

- ST A e L e T



S aonning £lectwon Micrelcope CS EM) !

-

* A Scoming e lectvon YNiCToSCOPE- QSEM)
uses a Jocuded electss Probe £0
Oxtract Styuctured and < hewmical

nfoymaedtion  Point on the SPecimen.

X Tt USe wide Yomge of Qeatde. From
Nane Metoy £t6 wmic yo meter.
Pyrineiple

XA Scaming electron micyoscope (SEM)

'S a Wpee of electron  WicYoSCore
that Produces ‘mageg of o Sample

by Scanning the  Ssurface e ith o
focuged heam of edocbwons.

¥ The edoctsons Indoroact with adamsg v the
Sample, Producing Various  8ignads
that contain © Mformation about the
Surface toPography and.  Composition Of-
the. Sample.

Componenty

X Electyon gun

3 condlonges Lens

X Vaccoum  Chamber

l



3 Deflfectdy ootlS
¢ Secondary electren dotoctsy

¥ Tmage Aisplay  amd R€C°T£@
2% Specimen Stage |

— Electron bearﬁ .

First condenser lens —

NN\

%mm |
VoA Vo72d 77 =

Spray .aperture —t—

__ | X
§ Second condenser lens —}A . Fonk

'--—X-ray detector _

V S L
Deflection coils --:§ A |
Final lens aperture ]/ ﬁﬂ - O.bjectwe lens
, % / ‘ d
. Backscatter —
electron detector
' Samble —4%
| Secondary
Vacuum pump electron detector

Fig. 4.4. Sectional view of SEM .

—_ —— Y —

wWor King

XTn SEM an eﬂec%n beam s em?{-&eoq
From  on elechnn 9cm $itted  with oo
twngsten Ffilament Cathode.

X The clectron beam, which &picadly
hag an  enevgy yargig Fom 0:4 Kev £o
4v Kev, tS Focused by condaonger Lenges.




¢ The beam passes -thyough Pairs of-
gcanning coids oy pairs of Adeflector
plotes in the: ellectyon coluvn.

% when the Primaty electwn beam
inteyacts with the sample the eloctons
Lose. energy by e pexted yandom
Scecttoring  and Ak sovption .

¥ The energy exchamge betweon the
eleceoson beam and the gample vesules
n the. Yefleoction of %l‘jh— enevgy
efectyons by ellastic 8cateering, emission
of Secor{cﬂcwg eloctmong, badk.gcattored
edectrons amd Chavactoristic X—ryays
by inedastic Sdat-EQTMﬁ amd the_ emissiom
o ei@m m&gne«kﬂc Y@cﬂiaﬂon each of

% The beam cuvvent absorbed by the
“Spedimen  Can adSe be detected dmef
USed o Create rmages 64 the diseribution
0f gpecimen ' cuYrent. |
% Edectronic ompLitiers of Vasous Hpe.s
aye USed t0  awmplify the Signads  which

| ave displaged as Vaviations in byightness
oNn a S computer monitory.




Magnif-ication

% Magnification in an SEM Can be contvoldsd
over oo tonge. of about bX orders of
m&gm‘w& Fvom about |0 +0 3,000,000 himes.
F Magni ;Fr‘ Cochon 1S thoyefore  CondtY odlool
| %9 the  curvent supplied o the SCaming
coils oy the veltmge  supplied -to the

| o\@;}ﬁflctb'f plotes amd. Not by objecHve
.XQHS. Po wey.

Ao\van-lsage,s

* Rapid, high - vesolution imaging

X BUicK jdentification of edements Present
¥ Exccetdent depth of field

X Vexsatile platform that supPpovts many
O-ther analysis Jcednmgueg

AT AT S Mode. enables mag ing

05~ m.aguoﬁaﬂﬂg Omf:i hydvotod Sampres .
) L_ L imi-m-tiong

| *s:ze Yestrictions may ¥equire. clebting
| the Sample,

X The Size is Y\oJc PO’T‘E?:LM& o
X SEMs ave eac,Pengsve_ arnd Jargge_

_% Mad ntenence. mVoleeS Keebing o Steady

voitage ) curvents o elactyo magretic Collg
and civeulation o4 Cooll Water




| hpplications of SEM k

¥% Detaided  sU¥Face -toPog'mPhg images
% Faidure  onalysis |

2 Dimengionad  anadysis

X% Process chanmctoyizadion

* Reverse. Ez}g‘mwing |
X Pct'r—l:ec_ﬂf& lCQQﬂ'{:Pgr-lCa'hOﬂ
3 Wriface 3D

% £ Lo mental anajgsfs

Trangmission glectyon MicroScopy (TEM)

+ A TYangmission e.ledtyon MEC'{oSCW&CTEM)
utilizes eneygetic edectyons 4o Provide
mDTPf\Dﬂbgr‘c . Compositional  and
CyyStaldographic  in foymakion on Samples.

X The <trangmitted edoctsons that have.

Passed 'd\‘rotﬂgh the. Thin Sample. are
detected 40 form (mages, which s the.
Yealon +o cald it Evansmission el ectyoy
MrCYeSCopy .

K Magnification of | nanometer TEMg are.
the. Wost Powerfuld wmwicroScopes




Principle. |

X An iMage 1S Formed From the jnteraction
of the. electyons with the Sampléos the
beam s 'twanngt-heoQ' 'l:h‘rvotgjhl the. Specimen.

< The image js then agnified amd Jocused

N+to an imaé?ﬁg device., Such asg

a Fduovescent Scyeen, ai@geﬁ* o

Photo graPhic J::im oY a Sendov Luch ac

A Scintifdator  attadhed to a af\wmge,r—
Couﬁﬂeoﬂ device |

/-'"'.'_"'"'--.\
N~ e
Cathode — N o Electric gun
N ' : g:, 3 mm
Anode s
""‘—-—-.________-_ . = Aot
) ; = 4 :L_-:\a
/‘ I 5;& “\ i ¢ ’,. e
Condenser lens < _r+J » U5 |27 Copper grid -
Electric coil — . with 3 sections
Objective..________._ i T = X
lens A K
i VR Specimen
Intermediate—_1 IEEC S helder
lens _—~ | | A——"Column

&

o :

(g . : :
Projector lens — | iC S Glass window -

Fluorescent
screen ~—

Photographic —i—
film ]
CCD camera—1

- Fig. 4 6 Warkmg of TEM

S S S




components ofF TEM
3 glectryon  Source

¥ Electyomagne-tic SMenses

< Vaccunm chambey

| conden sexs

X Sawple. Stage

% Phog phor or QCVMYESCQXL-& Scyeey

-k Condenger Leng
X Objective  aperture

‘ y Electron sourée

} = =1
Condenser/ 0

lens \

Condenser
- aperture

: Sample

Objective lens : :
~—= /12: |
. Objective

/ aperiure

. Selected area__~ mem—n || wi——

aperture : ‘ R
= i P8 Intermediate
lens

. Screan

Fig 4.7. Cross secnonaf view of TEM

| e = RS GRS, GRS




WOTK INg

% TEMs employa high voi-kage- electron
beam n oyder 4 CY¥eate an Tmage.

3¢ pn electon gun af the top of a TEM
emits eleckronS that tyavel through the
™MICYsS Cope’'S  Vacuum -tibe.

% Rather than having a. glass JLons
Jocusing the lght £ empleys an

eﬂecﬁ\m magne—(—.zc ,,Q_e,ng uuhrch focuges
the. electyme intp a. Very Fine beam.

% This beom then Passes throtgh-the Stecimen

which 18 very thin, Sample -thickness Is
Less than 200 nm, depending on -the
Composition of Sample amd the. exfected
inFormation Fyom TEM charactri Zation.
3% The. electvons eithex SCatter oy

hit & Ffluorescent Screen at the.
bottom oFf thee MicyosScoOPe.

K During trangmission the speed of electryons
directdy coyrelates +o eloctvon twovedongth,
the fastor edectyons wnove , the Shovter

Wave Length and the Iveafoy qualityy amd
detail of the. iwmage.




X An mage of the sP_edmen with 1tS5 &i

assarted Parts Shown in diffeyent Shades
accovding +5  the  dengity appeare on the
Scyeen. -
% The. image. becomeg viSible when the_
electron beam hits o Fluorescent
Scyeen at the bade of the. machine.

Advantages

¥ The highegt SPatial resolution elemental
MafPing  of any analytical +echnigue.
X Smadd avea  cvystallogyaphic  in-formation.

X Strong contrast betueeon eYyatalldine Vg
amorphos WMaterials wirthout Ch&mfc‘q&
Staining . -

X TEMs offer the wmost Powerful
magnification, Potentially over one million
times or wmore.

X Tk ean be utidized ina variety of
different Scientific educationas, amd
m olwg e ral fse‘ﬁ&s

¥ Images axe high quality and &&tauio_ot

X TEMS ave CU)ﬂo_ o B,e‘ﬂ\cﬁ mjﬁovma.—&aoh

0f Surface gcecu&awes Shape_ Si ze. and
Q41 +lre .




Dis advanteges

X Signiftaant: Sample Prepairation time

3 smald Sarapling volumes amd Samples
Qe *I:gpfmiig 100 nwm Hhick:

X TeEMs are large amd Very estPensive.
X opevation and amdgsss Yequures special

Troun fa’g
* Images awe. LAacok and white

X Edoctron  WMiCToScopes ave. Sewnsitive to
Vibration amd ‘edoctse wagnetic. fields

A PP Ai Cationg

3 Metrology at O& »m Yo Solution

X Detey mination Of C'Sgs-f:doﬁbg'ra%ic Phases
ot the. hanometer Scale.

* C&t‘g””@cﬁf studies

X Nane metey Scale ele_xn\enfcaj maps

% SnpPer /Qo:\&:tqce chamcﬁo_h Zotd om)
v C‘_fgs-l:aﬂ olegcec-f: c hayactasi zation

Lx chemicad 'h:f‘OTH\cthon Such a8 CoOMpPositipy)
amnd’ JDOthu'g

*- Enevsy  Filtered imagirg .

X Tt Cam be uged ?}6 sewiconduetor amalysds
—)é cojl@eg amo{ Unrve.TS:-be.S o ot Ze.

| TEMs for Yeseowch amd .Studlics.




CompPorison between SEM amgt TEM

SEM

TEM

Cocte gor Yy

Source. electyons

Scatteved eloctrons

I_DYOCQSS O woyK ing

SC&EEETQA abSorption

’ansm‘r&za( eloctmone

DiffFractioy

P I

Envivonment

Enevgy

| —20 KV

s

AiY [ Vacuum

Srecimen thickness

ANY thickness

Joss than 1506 nm

owtPut

2D im%& OCOTMaticn

2 D PY¥ojection

{Tmage of- ey

StrdeEunes
Property idenefiet ROUZNNESS oY | gbructuaal
Contamination | lefocts or
cletection Impuri-ties

Magnrfcation

2 widdion J&P_Vei
maynifiCatior)

Fredd o4 view

5o wjldion level
magnification

-arge

L_imited

- | OPEmUM Yesolution

0411 vesolution

05 angStroms
resoduon

Tmage Formation

Eloctrson ase_
captured amol
countoned by
dotp T Image
on Pc

Direct image on
Sdunyescant
Screen oF Pc
S yeen with LCD

oPe vyatzon

Little. Sample

Preparra-tion

LobOratory Sample
Pye paration

|

|




_DFJ:)L:'MC'{:EN]' ‘T‘echm‘fpwﬁ '

ID(\'H—YQC—&()Y)
LD Taction vefers 4o Variowd Phanomeéena

that occur when oo wave Q,)’lcmm{:mrs an
obstacle or a elit. .
‘%I"E s A@}inéol ag -{:he_' benoﬂirg of waves

avoimd the' cornerc of an obstaatle. or
“CM“DU’C% om  oPex-ture. Into the vegion of-

Jesmetricall Shadow of the ObStacle .

Difyaction  Pymciple

DETECTOR

SQURCE

——
d 2dsinB=nA
o

i d sinB
—o 'y * 8 *—

Fig. 4.8. Bragg's law

A R Ay W T .

% B ¥ce9g°s lwu s which olQ:EO_‘cS‘mmeS +the_

| angles of Qohe)’em‘: amd  inco hevent
_ SCCL'H'&TWE_? DCTDW_\ a eq‘js_taﬂ ﬂﬂ-{;—b\ce_

T}lekefﬂ X=rewg afn'e meddlent on e pasticudar
atom , they make an electyonic clousl move.
Just MKe. an edectromagnetic. wave.



s Theve ave -two Conditions ' Jor Constructve
Interference. of waves: |

- ﬁ\e amgle of- Incedence wmust equal the
ongle. of vefdection

|2 The oliffevence in Path length must
I be. an integyal Number of wave Langehs.
Me{}mo@ o OQI\H-Md:afon

¥ eBlectyon oliffraction

¥ Neutvon oiffraction

S X-voy . dffyaction

Advon-tzeges

X Data. Jeneyation IS ﬁ,u_&ciK'

X Testng 's cheap but egluipment
rnstaldation is ~ costlier.
D(Saﬁﬁvan'&a&g@

. ¥ Sanmple PYEPcM‘O:tLOM 1S Compio.;c
X AE(%T ption oF Zf‘a;cﬂt\o;t,fon
%_ Source. (s costliey

-% Mos-t Oj‘- the aﬂﬂgf—'ﬁraa—&non me—&ﬁwcﬁ
need © Vacudm,

=)



| Applicoctions |

X Didfrvaction metheds offera tnique way
to meaduwre ‘micro Styesses in
Cyystaldine. i matenials, becauge each
Phase wild have i3 own Jliffraction
Pattern  3iving information on %he_
StyesSesS in that Phase.

¥ Tt s adSo the measurement of charnges

i C‘Egg“tai -P'Xane SPa Cy ng (y) O'@e‘H@r‘ew’E

Aive ctione  (ith yesPect 4p the SPecimen
Suwrface .

SpectroScopic Technigues

Srectyoscory |

% SpectroScePy deals uith the. Production,
measurement amd (htex Predo-tion o4
Spectra  &rrsing: From the i nera ctlon o f~
electyo magnetic Yadiation 'with Ynattesr

X Specto SCopic methods are Very
inj‘_oymg—u\\f& amoL w:‘oﬂzﬂﬁ uled oy
s ertls ‘}&ahﬂ'ﬁa‘ﬁﬂ\f& OJQOQ ?&&brkb:a\/e_
Clmcu@SiS




. 25
Pyinciple. 0f - 3precbsoSCory

9(— The beam O eiec{:'}s”oméagneﬁc 'Taoﬂim—jon
onto o Sample  omd obServe. how it
- Yesbonds b Ssuch a Stimudus.

* The 1rvesponge s USwaddy vecoyded
aS a JFunctton  0f Yaodliation Wa\/eﬂﬂlg—bh.

K A Pio—lz of the. Yesponge as a funetion
of  wavedergth is veferved tv oS

a. SPectruyn.

X The. Reey — | awbert ﬂ@w States that
the Juantity of ﬁjgk{: abSorbed by
a SubStance  Aissodved ina  Sfulddy

the. subStance. amd the Pacth JLergh,
of the j—“ﬂh“: %TOU?{}H the.  Seleton.
Methods of SPectrosenpy

% The Mmethod 0f SPectroscopy differ cuith

| veSpect t the SPecies +o be ancw@zeaf,
| the tyre of B’QOUOL"QOY) - Matter inteyaction
to be Woniteved amd the wTagion of the

| electromaghetic.  Spectrum  Used in the.




¥ gpectrolapic. metheds based on the_
abSorption oy emission oF radiation in
the_ uimucoﬂp.t mssbﬂe.
and Tadio -
% Each 0f these metheds 1S Aistinet in
Hat £ Monitors amd diffevent Ypes
O:Y- malecudarx oY e Trangi-ions.
% A distinet  deatuse of edpctromagnetic

ngra. yed

Yadiation VS menteonaaﬁt n the_ W?biﬂg_ .
Name o4 TgREOf- paqxwe what it doeg | whet - tells
e ’y waveﬁlnﬂﬂ‘ oy £ he_ us about +tHhe
5 usﬁ ed 3 | woleccde/ectonn atom /m
Photo X—Wgs 0.0l to | Very |Pomove. cove| IN Atomic
electnon (o hw | high |[electyong | STruchws, (£
Orectmopy = C | Gives inforinatiy
about how
-Bghtly the -
elocoong olve-
hedd by the
| ' . Nnucleus
LV-visible|vdtra | S0 B | 11ygf | EorciteS | Toentify-the
SpecEnsRy viadet: | 4oo mm Valence  lyolo c ulad
. | | N elections | edoyment
Uv-visielel \jrsible 4o0 to Meddum £cedtes Vao&ance:c?hcen-bmﬂon
Srectnnpy| Light ;800 nwm edectrons |of awodecule
2 TR i InPa | -5t | Low changes the | TYpeS of- bundy
'YQGQ Bo um V) bYyations n atoms within
, CGVCJQ.YH: bond8| e modecule
micowael Micrs | o.3vm | VEYY | changes the | Location of
SPectmseor) ave-| P | iy | Yotmbing of hydrgen atems
0°5 m the atomg | within a
\cchSZYlt [::onaLS modecule
AN |




Advantages of- SGpectrosCory

% cure wonitoring of Ccomposites using oPtcad
Jllbers
¥ Measwement of didferent Compoumd.s

i dood  Samp.les Iog ab Soyp-aon
Specbodeory both i uisible and nfraved
SPecbmm

X Meagure inent of toxic compounds 1N
blood  Sampleg.

% Non - destructive &ﬂ&menfaﬂ analysis

X Edectvonic Structuye vegearsch with
vasious  SPectys 8 Copes.
X g uantitative amd g Ualitctive analysis

Disadvantages of SPédﬂ’bScnf’g

% Rediotion may be €asily Contaminated.

|Kcost  of SpectyoScopy eiu-ipment IS kigh,
¥ Not Switable dor add Kind of material.
XK Need Louc WOYKI‘@ -f:emPeTé;*HﬂTE at
cevtmin  condition.

| Apptications

B —
T e T Y —— r————

3¢ Un oﬂo_lfﬁ-&amdﬂ\g C’OY\&*&FHMOTI 0 5— matter

Svom  atws o cowplex modecaldes
X gtudids on Adiveyse wmadorials exXstivg in

| Natwre. Fvom deep Sea studies tp S R?tcf?- ™SS N,




*Iﬂ\f@&&c‘gcﬁio*\&; 0 c¥ime Samples.
%_chu%&‘s and  devedopment of  wrhole
Yarge of man -Made m@e_—&zmaﬂg

X .SM@;OY' environmentel s&mpie,s
% Minevadogy

Atomic Sprectsolcopry oy Fanihe_ SPectros cobPy

X Atomic SPECUEOSOOPVC!I t‘S bafed (wPon the
cbsorption ow emiseion of electspmagnetic
TQQQJ‘OLtit;n by a«témf c Porticlec.

'%‘SP@C'WDSQOPFé do-tors inatioy od- atomic

SpeCes COW}' be persormed 0N oo Jageous

medium  in which the Indiyidual atomg

or edomental jons.

% Energy transitons of Ouwter edoctrons
03- a:f;om_? after Vodsctili Zortion n a flame.
| < L_:fj,u.d So.b.t&non Samples. are  a8eivotod
thin bu_v‘hen.rl_l 0¥ hebmhzer,déﬁoivw&&/
atomized amd Sometimes eaccﬁ—Eﬂ_A—&o

a hrjheY ehergj evo_ecelmmc. Smte

| * ﬁ-f:omi & SPec@a*oSc@p_g is the. Studly of the
e Jectro 'magr\e-{:pc vaollation abSer be:ﬂ
and emitted by atoms.




2
principle 4

K The edectsns of- the atoms inthe atomizer
con be  Promoted o highey ofbitads 5oV
o_ Short amount of time by abSorbing
a Set of energy.
6 This amount of eneygy (S g pecific +0
a- Pavticuday electyon trangi-Ron N
o Pardculoy element, and M 3&Meraﬁ/
each wavelegth coYregponds to ondy
one  elewent.
Components

KX [amp Souvce
X Nebalizey

X Atswmizery

X Mono ¢ hyomatey
> Detector

WorKing

3 A Sample s volatilized amd. cﬂe.CoW\P@SeA
T Produce gas Phase atems and iong.

X Abomization e GL.C'TI‘*&!}C.QQ Step }n. ad .
atow’c  SpecHroScopd.
% Flames amd edecbro theymal atom: zoxe

ave Widedy USed in atomic  absorPtion
| gPectypmetsy.




HV.

POWER SUPPLY
Hollow
Cathode FLAME
Lamp ﬂ
1 PHOTOTUBE
§J || MONOCHROMATOR DETECTOR |
: / LENS AND AMP. . 1‘
:‘ : PULSED H.C.L. SLIP
' | POWER SUPPLY {.
SR MICROPROCESSOR | |
' SAMPLE . o J
 DIGITAL |
READOUT [

Fig. 4. 9. Working of flame spectroscopy

S Tn «bhe‘c_omponen{s Of an otomic absovption
o¥ Flame abSorption &PmrxtatuLs the flame
Can be Congideved -eo-beq cﬂxm—te_ JaSeows
Solufon of the. atowm: zed Sample
% Radiation of .QPQ@DC"\C- wWavedength is
mitted b4 the  hoddow  Cathado. lemp
onto the Jaseous atems in the afomizer
X The  mono chyomater focuses the SpeCific
| vaeﬁar\g-H\s Onto the Ao:f:ectw
-%The detectrr Linds the. amount of-
icgh-t: @Jo&)'rbed ‘
* The Concentraton of abms in the Sample
s cﬂ.urecﬂg PYoportional. o the_ absorbance.




| Advantrges

% High Sensitivry

X £asy o use

2< In expensive.

% The. method 0F ananjshS is very Simple
and  economical -

X T IS gquick, convenient , Sedective. amd
sengitive.  analysts.

Dis advantnge.s |

% Diffevent cothode lamp For O@HQY\‘-’H‘t

elements
X can detect ondy metals and Some of

- the. non- metnls

X< ondy one edement IS do-toodnd

* The elewents guch as Carbon, hydvogen
and:  hadides  cawnot be detoctnd Aue
o thewr Mon -redipting hatwrse.,

X Leved of metal Cowdd be dotectod in
€issue. Samples Uke aMin;um 1m blood
ond  coppey i) byain wissues.

¥ Presence. 0fF metalS as an impurity o

'\-‘ in adlegs coudh be Found  emsidy |




% Deteywination of elements in thee agwcultural.
and  Food  Preducts

X Determination of fead in pPetvol.

* Determination of calcium and magnesium
In cement. §o

X Determination oy the elormentz Present
in olifferent Sqmp flee Like :‘",—0000, wratery,

| wagte wneatey Nane maderiad , bio matericals

and  indugtsial thagee

| UV / vrsiele. SpectipscoPy

X UV SpectseScory is based upon @blorp-tion

.Qf- éﬂec-bfomaﬂghevttc_ Tédu?aﬁmh in the
Visible and Udtvoviodet Yegiong of-the
SPQC:tf‘um vesudtig In cJ\aNges ' the
@iec-(:mmc Styucture of fone amd molecudog.

-% The wave dength of LV and visible Jight
avye. S&Q:Stanﬁdﬂfj Shortexy than the

MQVQMQ-% OJL M$reved Yadiation .

% The UV Seectrum Yarges $vom 200 4o

- 700 nm

% wihen A Yhoﬂeau,ﬁe 0Y ?on QAbsorhS Utmau olet

oY Wsible b’a_e&od:mn it Uﬁdﬂ—{?tﬂs _
& chayge M its Vadence edectvon Crangiton.

\



Principle (el |

M Diminuton of o beam of Light after it

Pasges through @ Sample oy after yefloction

From oo Sameple Swrface

% AbSoypHion mealwrements Can be ata Single
wabedongth or over an exclended Seectrak
Yange .

K Energy transitions of bonding and Non-bondling
Outer edechkyong amd Molecules , U8 Ucldy

ole docalized electyons.

| Components

% Light Source
i

X Mono chrematoy

% Detectoy

X Recording devices

WorKing

¥ pPolychromatic Light Fyom the Source. 13

 Focused on the ewtyance Slit of a
monochyomatey, which Selectivedy +Lvanswitg
a Nayvew band of Jaght.

% This light +then passes Jclwough the Sawmple.
ayea -to the Adetector,




F% The abSorbance of- a Sample 18 determined
by measwing the intengity o light
Yeaching the detector without the gample
ond compaxing it wWith the. intensrty of
- light  veaching +the detector adtar Prssing
through the Sample. '

Entrance _ i
slit .

Fig. 4.10. Working of UV spectroscopy
| S ———agrm ....L(..._.,._.._.....__HWM . -

Aolvcm-&a%ges

gj%Mimmum damage t Sample .

| l-}é Better B’eSuit ot lower con Céhﬂtd:ﬁon
¥ Very yapid Calibration

K- High Sensitivity

X Good accwyacy

Disadnantrges |

X L.acK of Sensitivity

K Ingtrument |5 expensive

|



3 Have Limited. application -to fdentd Yy 33

the Functional gyoup oy Porti cuday
modecude as a- wvesakt of ablSoretion
SPeatYy -

APelications

*Routine qualitative ond .guantitatove

meadwrement

X Used & Find relative PUrlty of o Saletion

X widely apelicabe @ poth oyganic
ond  inorganic compounds.

Edoctrical Technigues

X% Electrical Properties axe a Key Physical

Property oF Conducting maoderiads.

K=t s OFten mecescary o accurately
meefure the Yesistvity ol materials.
Pyin alple

*An edectyochemical celd is usedtn house
the chemicad weaction and is eh&%fcd.f{j
Qol'rmecw o the electrochemical SRectrometes

| to  obmin the eloctmrical Yegpense o ax
eb_c—t‘roﬁg*&ic_ Solu-ton.

%Eia_cwoc?\g_ml?c@i Twpedance SpectrosScory

CEIS) SYStams aure  Oberatad .LLS(\Y\Q Comp by
pyoarams Seecidicaldy Aosignel for ETS testing .




-%-?Théyeaﬁom, pYioY to conducting an E£T8
experiment IS essential that alld
cowponents of the syStev be atfmned-

C omponents

2 Three edectyodls

¥ Electrolytic Golution
SeTnsudoting  Madtesiad
X Diseley ot
WorKing

EIS: Frequency ' \
‘Response Analyzer )

Reference

Computer ' _
Electrolyte : . 4

R T S SR iy P —,

- -Fig. 4.11. Working of Electrochemical Impedance Spectroscopy (EIS) f

M gxs studied Utidize a. three eloctyode.
mode  which ‘1S compyived of a usorKing
eJectrode , o countey edectrode and
a. veference edectrode.

% while eloctrode. Jeomet¥ice may vary
the geneval expesimental Setup Yemaing
Simidas +o the Procedure outdlined belbwys.




{
M The -three electyodes are wounied on 25

an  edectrode. Stage and Secwsed-
3 The electsodytic Sodution is Prefared,
and.  transfeyred o the Sample. Condminer:

X A wmetaldic Sawmple. contaimer (ot
Provide  additimal Pabhwayz S£or elestsong
during  excpevimentation Seadiny to aveducton

nthe £T9 Current wesSpense as
electymg  wove ints the WMmetal yoethory

than +the Teference  electrdes.

X The SGample condaimer chowld be CompPased
of an ?nguiactﬁwﬂ Matesrial, such as QJZaSS
oy Plagtc, Which widl Mot interlfere
with the bransfer of edoctyons devring

3% The edoctyode Mount IS then placed
on the. Sample contminer Such Hak
a_ portion 04 each eloctvwde 1S
Cubmerged M the. edoctvolytic Godutign,

* Four dexde are used +to attach the.
three electrodes o the ETS Freguency

- Yesponse anadyzer |



¥ A working Lead amd a countes Lead l:_C
used o Carry. Cuwvent, whereas -+the

- Working  Senge. fead and  vefevence feads
are Uged o  SJense Voltage.

| The worKing gense lead Connects the

CxPosed end of the elo ctrode +» the £13.
% The Yeference lead 1S attached o the

Teference electwode and +the Countly
Qead is - ¢ onnected 4 €he countex elocotrode.

¥ The Fourth lozd s e Commended o

IYoumd -the 8ystem duwing -testing.
X ONce 'Ct\Jil Jeadg AXE. Conneted Ozmczl

by __Sﬂmum ftke. data ic coddoctod from
computesy gevernted data.

1% The  tmpedance. Pyoduced during edectps

chemwicad - experrmentation can be evaluated

through  uge of one oy more eguivalent
Ciyre wts.

| Advan-tages

” %'USQJ—qu an  high Yesistance matwsiads Such

a8 Paints and  coatings.
¥ Time dependort data is availeble.

% Non - d e Styuctive_



2 Quantitative data avaifable 37
X Use Service  énvironmehts
Drsadvantages

X EXPensive

s Corﬁpﬂei data Cﬁﬂa@gf\g Lor q,wfnﬁi—l‘caf:ﬁbﬂ

fpPli cottons |
X Tt pProvides information about the Co¥YoSion
Kinetice and Coc;:tﬁrtgs evaluation.

PETt 'S an accusate end  yeproducible
f%@chn?aué guitmble  For Wiohly vesistive
ENvivon ments . |

% T+ Pyovides dato. about the. eloctyo —

chemical congeyol mechanism, ihdi@a—&alg

I cdyyoSion 0dccums !93 ac—t&\/a-[:ioa')/
Concentrotion oy Aiffusion

¥Tt chavecterizes the State of the Yoban
and the Morphology  of the - Corvosion.

%It addows  foy Ymmto’mg of the eVolution

Of'tﬁe PasSive. oy active. Gintn = OVey
time. .




Magnetic . Techniqres

. & Magneﬂ‘c wethods ave  potential methods
Jor evaduation of Surface yoani festa-€don s
Such as wWicroStructural degvaolation,
YeSidual geresees, Surface Youghness and
Aefect  deo-oction th  Surface coodtings of
Wlagﬁeﬁc - SubStrates.

- ‘Eﬁcﬁomczgne:&f‘c methods have Very

~ high  Potential  Jor wadoriad chanactni Zation
amd el Knourn  non degtructve  -tecting.

|7 Edectro magwetic —&échm@ues are able o

indicate  non-dedtructivedly and.  Gucekdy

Ckaﬁ}ff&g I o vesidual Stresses | tex-ture,

MiCre StFuctwre  States: and me ahammi
Prorervtel.

Pvindp_ﬂe; _ _
% mczgnetfc hgs'EeTQSﬁS Occurs when am
eaetaxnaﬂ magnetic JHedd IS gpplied 4o

o ate.‘f‘b”omcpcghe’ac Such as tvon amd the atomic
Aipodes  adign -thewm sedves geith .




X whey) the J‘{\Q.M ) Wmovd/ Part of the_
ah‘ghmen«t midd be. Tetained ; the material
has become. mMagnetized.

A &mn@ges
XK Non destructive technigue

- USed  For Noano Waterial characterzation
K Tromediate Yesult

%P«ccwmag m MmeasStre ment oocolreiec—enc_
Xossec .
DIis a&uam—&gﬁes

% Limitaction of dateral weSolution.

X% Need Vvexy thin Samples

X% < havactorization Limited o C&J‘e‘_ﬂ_g_c-tr‘c
Pey mittivity.

X Mudtiple Stepg

¥ Need technical Kknowdedge

> Presence of czmr IS May yeuce the acclmaay
AppLications

X USed Find 'michstTche_/ fescture
hawoﬁnegg GQGF"H'], Phage content ) Yes dual
Styess, aging  and grain Size.




TP

Thermal tedting
X Theyma! t€sting nvelves testing o product
at the exrtremes Of itS tended LS

tfv@)fh\a.g- enviyon mé_n't &O ' hQﬂﬂV\g Yate p
tempeyatre. amd ourflow or gageods
abwosphere.  oF  yacutm  with YNesSUTTS

| cade. temperatires on  individual  components
te detarmine the. effect on  produck

- Petformance.  amd  Aong-term  velicbiliey
X Tt meadures baged on Aynamic relottonships
- beoween stempevature , Mass | volume. an d

- heat of eaction.

| Parame&rs Of thormal tegting:

E_ Mmethod | Pcvqumg:ter tesSting
i'T P@rmog rav( metsic aha@sﬁs Mass C’J’\ﬂﬂm}ﬁ“&mm“mm-
Diffevential thermal analysis | T peyatie. cﬁi’,%rence_
Didjerential Saaming Cqﬂnr?met'rg Heat oliffevence

Fuolved Jag analysis

Gas de-compositzon
Thenmo mechanicall analysis | Deformation and climengion
D i lots meter | Vodme_

Dielectric. thermal anadysis | £ doctrical Properties

Therno opticat. anadysig | optical Properties




| T hermo grayimetric A Nadysis (TGA)

X Thermogravi met¥ic av\ao@sis _(T GrPr) IS a Ype of-
thermo analyticall t0SENG  Pewformed o

Materieds -ty cletoymine C’,"\CUY\LQQS in weight
m ‘b’“elo:ﬁxzon t» changes in temPemee

% T6h velies on a. high degree of- Precision

in three MeaSwrements: Weight | dempPerrtun
amol empetature  Change . .

% TG&AR s ‘Ct:mmon,ﬂﬁ employed 1M weseasch
amd  testing to deterwine chayacteristics
o wateriads , to determine degradation

- tewpevatuves, abSorbad wolstuwe content
o matesials , the fleweld of inovganic
and, OYganic Components in Materiads,

de_composition Polvits o exp.loSives amd
Solvent Yesidues.

EDrHemwtuﬂ Saaanng CcLJ?,orn me—i:wg (ﬁDSC.)

% D3¢ mengwves the eneygy abSovbed 0¥

vedeaged fyom a Sample 48 a_ Swnctlon Of~
time. 0 a tewpeyoture Profile.

4 Dsc 5 usefud v make the mealurements
oy meltirg points, heats of- vemetion,

| 9lass tryansitton amd heat Capacity-




| PVincinte
X pisfevential  SCanning calorimetry (DSC) i
sample amd. Tefeyence

me tewperatuse,

based on the Pryincirle,

ave wanimined ot the Sa

even duxing a +hermal event.

% The eneryy reguized Maintmwning ZE¥O
tempeyatinre.  didevent between the Sample-
and the. Teference 18 measureol -

* By calibyaty the Stondandl material, the
tnknown  Sawmple Guantitative measurement
1S achievable.

’_‘?OWQB’ compensation DYC

X A technique in which Aidfevence of theymal
enexgy +that (s apelied +to the. Sample. and

the 7Yeference material Sepavately pey
unit of- time. 15 WmanSuwred as a Fumetion

0Ff the <+empercetune.
Co WM ponents
% Sample hadder
X Sensor g
% Furnace.

X Tewmperature Controlloy




WoyKing:

% The Power needed to maintein the. Sample
terwperature equal to the veference tweratura

15 measwred. .

£1n PoWé-Y COMP&I\Sa-(:Eon Dsc two independent
heosting tnits arve employed.

* These heating units aye quite Smald,
adlowing  Jow vapid Tates of hea.—tﬁng,
COOJ.inﬁ and  eqtuli bration.

K The heasting units are. embedded in a lawe
te mpeyatusre. Contyolded heat Sink.

% The Sample amd vefevence hodders haye.

Platinum - Yedistonce. theymoe metone +o

continougdy  moniter +the 4o wpeyature. of-
the WMatenrials.

#* The Ingtraments vecords the power

- S\ifference. yeeded o maintmin the
Sample and  Yeference at the Same. tewmfeyature
as oo Junction of -the Pyogyammed temperatures.

* Power compensated DSC  has Lower ensitvity
than heat £Aux DSc |, but S responce

ttme 5 more Yapid.




| oo , B
9(—1-'\: IS alSo CO\Pabﬂ“Q_ o} hfjh&’y’i 'B’@SOVEJ-H:QOTI

than  heat fhur DSC

Sample _ Reference
[ |

[ & ],Sé?éi:‘;“;[ O

heaters }
C S |

Fig. 5.1. Typical arrangement of Power compensated DSC

% This makes Ppower cowpensated DSC weld

: Suited Sov Kinetice Studies in which Fost

| €9 widi brations to new tempevatiure settings
are needed .

Heat fluxx Dsc

S T heat Huce DSc, the diffevence in heat

Jhow ints the Sample and yefevence IS

measured while the Sample. tempeyatuve.

= cMngeoQ at the congtant vate.

¥ Sawple and veference ave conwected by
a  Low vesSigtance heat flow Path.

X The aSS@mhﬂy 3 encloSed tn a. Single
Furnace .




CoTnPone.n‘tB

X Sample KhOM@W
M- 5ensors :

Pure-gas inlet

—t- Lid
Reference pan Sample pan

Thermoelectric |’ Chromel disk
disk (constantan) Chromel wire
L Thermocouple _| _ |
]unction

‘ Healing block Alumel wire

| Fig. 5.2. Typical arrangement of heat flux DSC

wWaTKiNng

X The mam assembly of the DSc celd is enclased
in a cylindwical, Sidver heating blacKk, Which
oUSSfPates heat 4o the Specimeng via .

a constantan dise which is attached 4o the
sidver blocK.

% The disc has +twe vatsed ploatforms on which
the S ample. and yefeveyce pans ave Placed.

X A chromel disc and comnecting wive are
octtached to the wndesside of each Platform

and the vesudting . chromed - Congtantan

theymo couples are wsed to detormine +Lhe.
differential tomperatumes of intorest.




F% Alumel  wiTes attached to the chrome dises /
Provide the- cChypmed - alumel Junctions For
mdependently wmeasuring +he Sample amd
Yeference temperatue. .

DSe curve

*D8c curve is plot between heat FLow and
Tewrevyature . Tt shows Various PeaKs of
meaguse ment,

Oxidation

o Cross-Linking
Crystallization (Cure)

Glass
Transition -

Heat Flow -> Exothermic

Melting

Temperalure
[
l Fig. 5.3, DSC Curve

Rovattages of Dec
X Instruments Can be Used at Very high fomperatures

% Instruments ave highly  sengitive
¥ Flexte biliky n Sample Volume

% Characto¥isbc tyansttion oF ryeacton tmmpeyatuyes
Can be. detzyrmined.




% High vesolution obtained.
% High  Sengitivity

X% Stability of the material
Limitations of DSc

* DS genevally Unguirtable Joy two-Phase
™ Itues
X Didficutaes i tost celd Pryepasa-tion in

Weding  evaporation of Volatife Selvents.

X Dac s genevally only uged for thermal

Sc‘reeﬂirg 04 iselated Iexrmediates and
PYoolucts .

X Does mot detect gas gemevation

X Uncertrinity of heats o Fusion amd
tYyongition tempevatuves

Ditfevential Thea:ma,a Anaﬁg‘srs @)T A)
# Disferential thermal analysis(dra) 18 oo
theymo — anadytical technigue which is WSed For

Hermal analy€is  where +tHherinal Chamges
Can be SBtudied -

X Ttis wed b detorymne the oxcedation
P¥ocess, éaO_COMPOSi—h‘on omd Aass o~ watny
0  Solvent.




Princple i .
% Tn DTR, the Sample Wateyial and an
Yefevence waderial ave made to undergo
idowticad -thermal cycles, while vecording

oy wwpeyatuve dufterence. between
Sample. and Yefexence.

X This differentiad tenmpervature (5 -then
Plotted againgt time, or Againgt ‘emperatwe
X Changes in the Sample , eithey exXothermic
| 0 endothermic can be detectad Telaﬂ‘&/e_
To the inert yefovence .

| Components

¥ Furnace
% Sample. holder

KX Dc amplifier

M- Diffe vential tewmperatuse. Detectosy
% Fuynace Temperatuxe Progyam

Laé Recorder

ﬁ% C ontrol EguiPment

WorKing

X The Sample under  investigation 1S Asaded

Mtd o comtminey. ,_
|~ This Comtminer js then placed onto the. Sample

Pan and it is marked as 6. QS ENS SchP.,@)




" Insulator

Reference holder

Sample holder

Fumace-—y};(////////////

i
F

NN

programmer
* Temperature sensor

Amplifier Read-out davice |

Fig. 5.4. Cross section of DTA

* Same quantty of Yefevence Sample IS
Placed in oncther contminer which is then
Placed onts the yefevence. Pan and It S
marked as R CR means Yefervence)

> In order v heat the Sampfe. Pan amd the-

Yeference Pan at an identical Yate, the

Addmensions of theSe. +two Pans should be.
Neawly jdontcal.

% Moreover, the Sample and +he refevence.
Shoudd have equal weights <thevmally matched|

and Shoudd be  ayyanged GYymmetrically
With the Ffuwmnace.

X The wmetal block which swyvounds +he
Pans Aacts as a_ heat 8ink hose. fomperatinre

s fncremged Sﬂawﬂg by USing an Inteynal heater.

¥ The smk “then hoatg -the S'qmp.ﬁo_. amcl
Yeference.  madorial sfmucﬂ-mmm@t@.




! SR B
% TwWo Ppairs of -theymo Couples ave used,

one Pcﬁﬁ' 'S _Eh contect with the Sample
and the Second Paly 18 In Contact With

the. vedeyence.
X% Thexwe couple IS attached with on amplitier
Which  amplifies +the yesuwht of differential
theymocouple. and 8ent this yesuwdt £o
the veoed- ot dovice which JispAays
the vYesuwlt M the Fform of- DTA curve
OY theymogram ag oL Fumeton of the Sample
Tenreyatuve, | Yefeverce tompeyature oy time.

* No 8Signal is generoted i N0 fompeyebuns
Aifference s obseyved even though £he
actied e weeyptise s 04 both the Sample
ad  vejevence are incyeasing.

* when there Is o physicad change iv the_
Sawple then heat is  abcorbed or veloased .

D4 This s an  endothermic weaction whewe

+the hext 1S abSoxtbed amd the ‘[:emPewM&
of the Sawple s docvended.

o< Now the Sample 15 ata
Than that of He Yeference.

X This termperature. difference between

Somple and ¥efeyence. produces a net signal,
Which 18 then Yecorded .

Lower tempesatune.




DTh CELWE;

—— Furnace
--=- Reference
- -- Sample

Z-
(e ’
w L m
[~ ‘a | a:: g
2 ¥y a Time
l o QS Q 5
' 3 | o ;
-5 3 R 3 /\ Exothermic
S N © @ phenomena
= _{ Melting point &
§
-

Meuing/ VEndolhormlc

of sample phenomena

sl of sample

7’
-

Time
) (®)

 +Fig. 5.5. (a) The DTA curve or thermo gram s a plot between differential
temperature and Time. (b) DTA curve may be endothermic (downward plot) or
\ exothermic (upward plot),

Advantagegs
% Tt Can be opPeYoted at Vexy hish tewperatiwe

ranges. |
X% Highdy Sengitive. technigue
% Flexibidity in cructble volume.
¢ Both @xXotheymic and endothermic
Teackons can be  destoymined accum:u—te@.'
ZD}‘SacRVaYH:CPgeg
P Theve 1S Aot of tnce¥tuinity v transi-ton
Teactions and heat of Sfusions upto 20+ 5o,
% Destyuchive.  Jimited yomge Oof- Sawmp.los
time.  conguming uSualdy vot qualitatve




1 b
AppLiCcations

13

X% Used to 1dentisy the mineyads both
Guolitatively amd Guontitatively.

% Rapid Identification of the Composidons
of wixed clays.

< Podymers Characteyistics Can be easily
cha racterized .

* Degvee of cyystaldintty can be measuwed.

X Degyee of Polymerization can be assessesl.

7 Many of the biolsgical moduricls Can be.

- amaly zed .
2% Medting point, boiling Point  amd Hemperatisres

Of- docomposition of o¥ganic Compounds
con be detormined .

X% Moresvey, uled -ty defoxmine the hermal

Stobility of Inorganic  Compounds and
complexes.

Therm o - Mechanical Ahaigsﬂs

* A technigue in which o deformation of the
Sample. Wwodex non- OScilfoting styess is

monitoyed  adainst HBme. gy +tempersativse.
LihiJe the tempevature. of the Sampde,
in a Seecitied atmesphere, is Programmed -



% Theymo ‘mechanicad analysis @asidy amd
Yabiddy meagupes Samele displacement
as afunction of tewPeroture , time  and

applied Jerce.
Principle

K Thermo Mechanical Analysis (TMA) & wsed
te meaguwre the  Aimensionad chamges

- o material as a Sunction of tempereture
by applyng sty

PR The. Stress may be— Compression, tension,
Jlexuse.  or +towsion.

Components

X [ neos Varstab de SDFSPfa&meﬂt Transdilcey

- (LvDT)
asey

KX Optp eloctsonics, etc.
K Probe (meedle-Ub of Juartz glase)
- TheymocCourle Fusnace

X Fovce Jeneratoy
WOTKNng

% The Sawple is MSerted Mt the Lupnace
and 1S +ouched by the Pucke which is

connectod wn“:h the Lergth Detector and
 the. Fowvce. Gcene.m-bor




' I
% The construction of the Push vod and o

Sample holder bdé’-PenoE on the mode of the

measwseMments.
| .
l Force Generator
| P
\] 4
. Detector
t ; - (LVDT)
Pmba£ :\’ 5
5 N | BR | _
il 1 T Y T | Thermocouple
H -1
| 4 Sample Cylinder |
Sample
; ! |~ Furnace
i. ; //
| ! £
|
|
| :

. Flg 5.6. Workmg of T herma mechamcaf ana{yser
Ly T he. theyms COLLPJLQ, Jor hgmpe roture. measurement
'S Located Nears the Sameple .

% The vate of 5% /min I's usually the_
Waxtimum Fecommended vadue JFor Jood
tempeyntwe. equli brastion across +the Specimen.

% The Sample temperrtire 18 changed In the

Fwrnace bg ‘QPPJCBIY‘\_S the force onts the

Sample Fvom the fFoye Generatnr Via Probe.

% The Sawple deformation suchas Thermad

ExPansion amd SoFlonig with changing

tewperature s measwred as the Probe

Aisplocement by the. Lergth Detector.

K LUDT s used Jov Length tetpction sensor.



X Fvery _fi?&]}&\&éiﬁéhi: of the push vod i3
*H'm\s:;ﬁwmnd into an anadog  Signal by the
LUDTy ¢ onverted to  digitad Form and
then Yecowded in the computer sSystem,
and  finally  Pregented by the Software
a8 & Awmensonal ¢ kaﬂ@e, Veysus tame. oY
e nperative

Ad vantage s

X compret and  _Gght

2 Low opevatyy Voltage

X Meaguees _(cmge, deformation

X Layye actuafion Fovce.

i iy hxBlon §

A Used ondy For Solid Samples

X C¥eeP  Occuwing Concuwvyently with Novma X
dimensional changes

X USage. of Probey Pycbe

X Low  gpevatdy Speed

 fiPpbcations

!* MealSwrement ol dﬁmens.‘onai Change.

l"f“CG—ej'-{—fCi‘erﬁ: of Lneary thermal expansion

.—-5§ Deteymination {,\f- material am lSD{ﬂ)’oPﬂ

\[ 50%’-’“”29 tempesntires  and 3&153 transiton
% Linewy theymal e xPansion

-




Dynamic. Mechanical Analysis ( pvp)

Iq,;-(--_=];‘\t-]\(i)1\{ al Me(‘)\anig“.«v,f /\hn.{yéifﬁ L‘S QO 'tt-‘(_‘hnic'],ue_
where a small deformation s ape.tied
to o Sample In a cyelic manner.

X This  aldowns t+he. matevials YespPonse-
to Stwss, teneevature  fyequency and
othey  \alues -lp fe  studied .

7 fD}’nam Yol Mechanical /\na-@SfS CDN’M)

IS an i Mpaytant -techniy,u@_ wsed to
ne&sure. the wmechanical and Viscoe lastc.

| F¥opereies M Mmateriale Swch as
; ‘H\ermo Pc{a-&tl‘CS, ‘i:[x&ﬂhoSG.tS, e,,QaS{m‘ne_Tg
amd Metals .

P‘Irr‘nc:'pip_

> A Sinusoidal Styess s applied and the Styain
inthe Material 18  Mmeagured , allows; ng

e to detexmine the complext modelins .
X The -temperattwe of +he Sample oy -Lhe

Jrequency of the Stress are often Varied
leading o variations in the complox madiles;

TNS appyocach can be wsed 4o locate the.
tempetatare of the. matevial.




‘] '}:y‘f’es

¥ Forced Tesomance analyzers
X% Free Wesonance analyzers

Mode-

- Gtress  control
2% Styadn  Contyol
Components

!i—)\’— Limeaw Vartable OPDisplacement Transducer
% Drive Shast or Probe

i—)é:wive ™ o+tor

%leé Steppey MOtOY

b
wWor Ky ng
;
! la
I g Sample
Driveshaft
ot 7Suspension
' LVDT
J Drive
Motor

= .‘ _
S, AL G
E Stepper
Motor

Fig. 5.7. Cross section of Thermo mechanical dynamic analyser

% The Sampte is clamped M B meagure ment
head of the DMp 9 SHF Wment.



| , | : I
K DUYNG  yneadreme nl, Sinuoidal force | 4

apelied o the. Soumple Via. tho. Probe  of

chrivirg Shad. -

X Ded-orwation caused by the. Snusoidal Force
1§ detected and -the Yedation be-kween the

Aeformation  amd the aeplied force. 15
measused |,

X PYopey-ties  Such ag ehsﬁa‘@ and
Viscosiy ave  cadculated 4vom +he.
applied Stvess amd otiain  plotted
as o. FuNcton of temperatsye or-Eme .
Ad vantzge s

X T+t 1s an esSsentiqd oM qigj K cal technig e
-t dotoywine the. MiSwelastic Propertics
of P m(gmem.

* Very Soft and hard Sameles axe memswred

X Aldows  ac cwrate. -tempergrtire. Meagure ment.

X Tt can Provide ‘Magor amd miner
trangittons of madtwriald

X T& is QMQ more. senSitive

% This able 4 quickdy Scan and

caladate tfo m&mw for a_ Yarge
Of- tempeva-toves.




| Disastuantages

i B S e i A

X Tt Joads +p Cadewlation Ivaccwsacy.

S The 0S ciiﬁ-th\g Stress converts
ochaical energy o hext and chamgas
tho o mperatuse Od“ the samples. are

K The Final Source of measwyement

UWncertminrty Cames from computey exvor.

 ArPlictiong

e M@&wh’emewt of the glogs -tyansition

temperature of PoLymers. |

* VA ying the  composition of  monomers

K Mechanicad Propertiey in +the e Lo vant

I }re@uﬁmg Tamge..

X Modudus  Information

< Meagure ment of dilfexent elacations

X Mo e cwlan (N c 0

X Non Lineawy PYopex-ties

X~ D ampirg bef’\aui oWy




| chem ic‘:.n.Q ) i’l‘-.‘....t;}l;ira!{]

X ¢ hewieal Lesting P'K(,Uf(‘ﬂﬂﬁ a Varlety of-
Juantitative and  Quatitative. sevvices for
Verigication idlentigication and  ComPonent
f’l\\ﬂ@) g1 of J-—-e_moug, amc_Q Non-feyrous metals.
Purpose o chewical -testing

N chemicad Tyace /‘\nn.@;‘zhfis:m

X Elomental Tvace Analyses

X Failure Analysis

¥ contamination Analysrs

¥ Matetials ﬁﬁa&g-guls and. Tegting

X Mateyiadl verification
L Madteriak T elentification

¢ hewical  composition Anctlysis

X-vay F Auorescence-

% X-Tay SAuorescence 15 a. Non- degbructve
anaduticad technigue  Used. Hotermine. the
e_ﬁamentai composition od- ma-terials .

X )(—'Yd-j fuveScarre ahaﬂ,ﬁze;rs Hofoymine.
the chemistty of a Sample by measwsing
the Fluovesent x-vey emitted From

a Sauple  when it 1S esxccied bY a Primary
X- Tay  Souyce .




1—>(* The. Phenomenon 1S  widody uled For

e fanental anoly$iS and chewmical analysis,
Posticulawly in the investigation of wmetals
QMS, ceyamice and budiddv\g materiols
cand  For veSeawch in geochomistry .
Principle. |

X X —royy  Fluwres ence ( XRF) 1's the
ewmisSion of Chowactristic  “Secendaxy ”
X-Yaye From oo Wmateral that hag beon
exccited by beig bombordod tuith

high -evexgy X-vyage oy Jamma vYSs.

COMPoONENnNts

> Source of X-¥ays ued +o ¥ roeollate
+the  <Sample . -

¢ wane Jengthd awe dgpicaldy in the

Yorge_ 0.0l 4 10 nm, Which 1S eguivalont

to  enexgies of 125 KeV to 0:]45 Ke .

5% Detection eguipped by  Grag - A L Lo

dotoctorS, Semi conductrr dedfootor,

Scovtddation dotectoy, o P hekogsabhuc

plate




e e e e et e e et e i

The XRE seectwsery differs Ervimanily
by oﬂétm,—&i@n cundh anaigzr‘r\:g-

¥ E£nergy DispersSive- XRFE
=% wWawelongth Dispersve ARF

TyPes of XRF SpectsoSCsPY

Energy Dispersive X-ray
fluorescence with direct excitation
Sample

\ /

~,

X-ray tube

Energy Dispersive X-ray
fluorescence with polarized
excitation

Sample

_X-ray lube

Wavelength Dispersive X-ray
fluorescence

3



‘Evergy DiSpersive X-yay J‘-huo'a"e.?comc@_

with direct excigation
> An enexgy olispexsive do~tpetion SYstem

Alvectly measures the Aifferent energres
0F the. Ewitted x—r%g-jtmm-[:he. Gample.
¥ By ¢ D UNEING avod Plotting -the yelatve_
Numbers 04 X-Yayg at Cach €NexgYy an

| XRF Spectsu 18 3@%’?&'&2&-

Ehe‘rgg Drspersive_ XK=y _’JQJJJDTc’:;.SCQﬂ.C&
(XRE) with  Polayized esccitation

:56— The dotectsy mc;g-t be. Perspendicawlay
o the pJoane  Aotewmined by the Eube

+orget  amd  SamplZ .
X The. most tmporioant effect s that

by deflocting the X-vay vadiation

by g, the vadiation IS Polonized and
. the grectmal ECLCK,gmumaQ iy tho Spectrum
1S veduced- -
Wave. stmg{:i\ DiSPEXS | ve. X-—“Kag 'UCJJ-'/D’)’Q?&MQQCRF)

%The X-vays awse divectod o a Cvyotal,

- wihich  oligpacts the X—yay€ in
- ufervent  liveceons accowoﬂﬂ@ o -bhody
- wowe Longths

|
|
|
f
|.

3
i
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placed of a Fixced PoSitign and thé—

Crystak IS Votkeol So that ifferent
wavedongths ae picKed ub by the
Jetoctor.

WoTKINg

% A Solid or a Jigwid Somple is i¥rcediotad
wirth high- enexsg X-Yays f¥om a Conbolled
X —¥oy tebe.

X When an atam in theo Samnple. 1S S—‘db’ud('
With an X-¥ay of-  SuAfficient energy
an eloceron $rom  One of the aboms
(mer  Oybitel Sheldd (S  Yemoved .

K The atom  vegaing  Stabiliey, £ilng
—the__ Vaceng leoft N the innexs .OTB?‘EQQ-
Shedd  with an eleceson  Fyom one of the
otom's fu‘gh&)’ enexyy o¥bital shedds.

% The  edectson drvops o the Lowerenexyy

1 State by xe,}aﬂeafsu‘rg o fduny@oant X-vay.
% The enevyy of this X—vay (s equal 4o

| the Specific diffeyence. In enexgy between

two  Juantum StateS  OF the eloctron.

* The mexgurewment of thiS enerqy s +he_
bagts of- XRF amalysis.

|



% The intensity of each Chorpcteristic
vadiation is divectly vedatpdl 4o the—
arapent o) @ach edement i the wmotersial-
Advanteges

% Simele Seechrol Gnaly3is |

X XRE isao. VerSaude. and wapid -techniguo
X It S von dedvsuceive methed 0 choyni cad
onalysis

X Tt is Precie. amd with SKilded opeyaktiong
It S accurato.

3¢ Arplicrble o oo Wide. Vaxiety of-
Saxnp Lol  $rormn Powdoess o db@(,uow

X-T£ 1S converuenmt  and e@mmicﬁﬁﬁou&
D iscedantagel

X Tt Fourdy Ngh Aimieg of dedecton cfhey
Compared 45 0ther wmethods .

X XRF  amalyzeg Cannot oS £ing cuish
Vosrations axnong  iSotefes of an elemen-t,
¥ XRE omalyzes Cannot  oldstingudsh
iong of the. Same element in Aifferent
Volence  strtos-

e Tnsoramen-tation s Mf»@ expergive..




| AppLicaEions |
¥- T 1S a oethod OF e‘ﬁ_emen-&a}l a;nag,g s

with  atewmic  numbey  Jvesters +than 2.

e A wamtetative_ ama%rs Gn be. carvied
out by roesduring the intens-ey  0F-
| }—«(M'I@&I\C@ _Gt"[: tho wakr‘@.iﬂ\gbh

l C horacteristics  of the eloment being
t Aot mined . |
X Resawsch i (gnesul, Sedimentesy and

! et oy phic Petrsolegy Sofﬂx gwyveys,

i Mining , Cement Prodiction , Ccevyamic

amd A8 mamyfactuaing.

& netalilusy

X Envivonmental studlies

3 petro leum in dusery

% Fietd analysis in 9esdogical amd
envirgn mental Suolies

X BudK chamical  amalyes of major
eloments and dsace eloments.




Eﬁe.me,n-ta& ama)y&s by sho(,uc-aveo@

P, . PR P S —

Co upied plag ma_

e

| Edomentad Anelygis

3 =Lomental analyis is o Process wrhewe
! o Sample oF Some Matesiad rs enalyzed
| v 45 elomentad wad Seme-irmed

\ So-toeic Com po §ition.

!% Elamental analy ges Co be_ C],Uﬂbﬂﬂ ve. and

It can be quamtitztive -

19@ Edo ymental analygis Palls within the. cumbit

of analytical chemistyy, tho Set of instrtments

3 vedved in Aeciphaxing the e homical Nokare_
- oF  ouy wiordd.

P/(@& ma.

%The. e X Citotion Sowsce MUStE ap.O_decx{:o_)
atomize. and excdo the analyte atoms.

i

%A Vaexiew Of oxcCitaelon Sowrsces ame
fLame aye  amd  Plsma.
T Y\GLLLC'E(\VP@P esupled. pAgma

% An tﬂotuc-teveﬂgj COLLPM PMma@cP) or's

L yamnsFormey Coupjaci plasrna (Tep) 1S o
type of PAasmo. Sowsce. in which -Phe €Ne73Y

15 Supplicd by eloctric cusyentd which ave
ool d, [oj QVQQC%‘O‘YY‘%Y\Q-&C nALELon rbkgr{:IS

i

Io3 Hme. vanryng magnestic Frelds.
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& The most  Commondy wsed Von Source

Jor plhsma.  spectrometry , the TCp is
Procluced by Showing an inert Jag
Hpically awgon, thvough o ety eooladh
induction  colll which hag a_ high- fveguoncy
&n‘eM,@7 MHZ) rTuming throegh it
X% An inductivedy coupled PLasma (zep)
1S o Very high {p_YnPeTcx&er’_(f?OOO =000 K).

Ex ci-trtion  Gouvce. .
X Tcp Sowsces are used to excite

ccboms  foxy  Comic - €mMiS€ion gpecitinsSly
and 5 Tonize actoms oy Mags Srectvometyy.
Production of PAasme
% Tncluctivedy coupled dischaxge also wses
RF Power sWprly like cabacitivedy
coupi@Q cUgchanga

Emission reglon

_Plasn 1a

i ‘ -
’ ] Induction coils ' @ Magnetic field

' R :

| Wi\

_.i' : - '

}

Quartz tubes “
\ E
]

im \Argon tangential

: flow ?
|

Sample flow

Fig. 5.9. Production process of plasma




_94 A yadlo fyesuency (R denerotey (Hypicaldy
| -5 Kw @ &7 Muz) Produces an oscidlating

curyent in oy induction coil that wWyals
avpumd the. -tubes.
X For a Commondy u,geal CYlindosical PLxoma

Chanbey shown bedow, antenna. IS usaaldy
wrapped aownd the electvicaldy insudoting
chambey ald.

% RF Jenevoety Arives hr‘gh altoenating
cuasvent thsotgh coll antenna, which

creates an  alteenating magnetic Field
eauithin the. PpLadma  chambexr.

- OSCEL@S&,{@ magnetic Siedd widd generate—
an 0Scillating edoctsic Feld in -the—
plasma  chamber.

e £ ventualdy, the electric Field wusidd
occetevatn the electrons amd  genexde Plaswa.

X The wMMagnetic field in tuxn Sets U
an 0Scillating current in the jonS and.
cleckrns  Of the Sueport Jas (argen).

x fs thee ‘ong and elecemons  Coddicle with

other atoms in the support Jes.

% gince the. @xcitation Foyce IS Ao L veyed

through wagnetic fiedd ; indu el veldy

coupdod  Aschomge (s also cadled H-dischage!




|Characteristics of optically @Lw,qaol P,,(a_gmg_ 31

e

X High tempetattwse (7000 — 8000 <)

% High elecexon density (Iolt—lglb cm)

X RPpPrecianle degwe of toni Zation

- dor wany eiemen—ts

¥ Simudtonmeous muﬂ_ﬂ olement Copabi (H49

X Low backgromwd emrssion and relativedy
Lo chemical MNteg-ferenceé.

K High Stabiliey Loading +o ex:ceiian{:

| accwraey  and Precision

X exceldemt detpceton Limits Lo
mos-t elements (0~[ — |00 ny m(_ﬁl)

X wide ﬂnm aﬂfjnamfc Tonge (L_DR)
5 ArPlicable t the Yefyoctory elements
Cost ~E&ffective anafﬁzag ‘

| oPtcal Emission _Sfectyo SCoby.

% opcal EmisScon  SPectxo Scory oY OES anclys
s a Yapid wethod Jov detexmining the
elowmental.  compoSiton Of a Veniewy of-
wetals  and  aldoys.

|Baged on esccitation Source O’P—&l‘C¢Q Emission
SPectros oy S c,m&s at\eeQ ag |

benduc-tively cbupia& 0 Pth.,Q E\WSQ ' OMN
S Pect0 SCoPY




|
[KGdow Dischasge. opticald EmissSion srectrolespy
or Gulow Pischage M§ (Gip ~MS)

% A’a’c_ spaK  optical Emission SPectroScoPy

M Flame emisSSion  gpPectwas CoPY
Tn olucvely Coupled Rlasma OF»acﬁi emission

StectyoSco Py |

;e The Inobmﬁveig coupled PAlmo
optical £ mission  SPectroSCoPy (e f— 0E8)
analysis method USES high— Fregtency
mndUceive colplesd Plagma as the
Mlight  souyce., and s ideal dov the
eﬂﬁﬁeﬂ-& ama.g&‘s of Sample S.o,LLL-’chns,

] | Fore oplics

Foc using
Ry,
il & ©Z
AL 740
‘;: ; . Mono-
: [Polychromator
l
S : Speclrnmeler
ample for wavelength
introduction :>-‘:> selection =

Fig. 5.10. Flow diagram of ICP-OES

PYinciple -

X when plasma enexgy 1S Jiven to an analydcs
Sawnple Jwvom outside, the component
clements 18 excitod -
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N when the  excetted  atomg ve-turn to

Ao ENEYQY {-‘-‘s)Sr‘-{:fDn, e wisgion v ays ave-
yeleale cd and +he  @mission Y ays ‘that
covvespond -t the Photen  Luave lengéh
ave measuved .

| Components

A Nebulize

I Poamp

% 8pYy chambers

X Dyauns

Transfer
Optics
PUT Spectrometer
!
Argon Microprocessor|
o0 Spray siid
Chambet Electronics
A\ To Waste
TERERIATE
Computer | 3 .$ﬂ.
b
[ =t
= ] |

i { Fig. 5.11. A representation of the layout of a typical ICP-OES instrument.

‘worKmg of- TCh-0ES

¢ The First Step inan ancdysis 11Sto Prepare.

- +the samples and standard.s AL S
intyoduction 4o the Tce.

X This step Adepends on the PF\JSFC&Q amdl
chemical chawacteristics of the. Samples.




¢ The. next Step in +the cma@sfs concerhg
the  Sawple. introoluciion method amd
havdwere. 4o be. tsed..

X For Wost Tcp- 0ES analyses, the
Standard  Sawple.  introcuwction SYStem
Provided with the ngtrument will be
suf4cilent,

FIn  inductivedy couphed Plasma-orticall
emisgion Specbrometyy , the Sample 1S
USualdy tyansported Into the ins-trament

as o Gtyeam of /Qg?/w\;t Sample .

K Twngide the nstrument +he M%WOL N
converted ints an aevosod through o
Procesas  Knhown o8 nepu s Zaton.

X The Scple 0ex®8oX 1S then transportedt
+o the Ploasma wheye i+ i3 degofated
Vaporized |, atomized and exccited ov
lonized by the Plasma.
+# The excited atoms and. jons emit
their chavocterisbic Yadiation which |
Codcloctod| Eg a_ device ‘tHhat Sorts Lhe.
Tadiation by Waveldongth.




X The Tadiation i detected and -turned
mto  electsonic signals that ame convertzd
nto  Concentration jriformadtion for the am@j&b-
X The next Step inthe Aevedopment of-
an  cnalysis  ynethododegy s 4o PYRIYAM
| the ingtrument, using the Computey
Software  pypyided with the instrument,
to  PexForm the dato caddection and
PYocessing  Steps.

X To do this , decisiomg must be made
concening the operating  conditions,

Wavelongth Sedoction  ingerument Calibyation

- ENISsion  MewJurement amd the. actual
| Sample anaa.ﬁcyégr,g

!

T P S ——

é

AR vamtzges
j-?GE:d:remng high S@ns:-(:e\)l‘EH
3%—&%’\084: FuL elomental Coveyage wrf:{/\ou:t
I
|

- need for Specific estcitation Sowwrces.

X Lineay Yange of- Se.\feva,& ovdesss o
mMaynitede

*- Very accumote quantifi cation at Low

| Concentyakions.
X Simultamaous  dotarmination of muluple
eloments in each Sample .



Q;g. complementary analysis Lo {echnigleg
Like  XRF

X Layge &Bnam:‘c s nears  vYamge

X Low chemical and matsiac inessgfeyence
effects |

1Dis advontages

KTInitial PYogress 18 often time cons wming

X In the GaSe of Faldwe analyges wethod
development widd often be. Mecessansy

Each time a New Jample -HYpe. IS
CY\ Cowntere .

S Réic:'d:iu@,(’ﬁ _lonﬁ amo_gBSRS +Ltmes
X The wmethed s inhevently destructive
APelications

X~ T¥ace ana-ﬁ(ﬁsfs of- e_nm‘mnmen-t—a& gotl
oand watey Sampleg.

X pssessment of ynetal 0ves Jor Mmass
balamces amol  Process contol

M- Bovon  and Uthiaw wn glagses

+ Forendic  analysis

¥ Trace analysis of Food and drink
sSavwples Such as: metald m wine; and
e lowents boumd to Proteins.

¢

-

X Determination of contaminamts in high - Panity A

— i

5 AP ol o oo e 8



| tnductively coupled Plogma mass Sprectrometsy 2/

X Inductively coupled PLsma. ™ ass
Spectss metyy Cj_"cf -Ms) IS an InStrumental
analy-ecad ‘technigue based on the use
U W\gh fomperatuse.  fon, sation
 Sowrce (TP coupled to o mass
SPectvo meter.
¥ Tt is an elementad analysis +echnolnrdy
| Capable. of detecting most 0 the
periodic +able. of elements at wmilligram
t Nano 9ram Jovels per Liter
%l-t (s USed th oo Variety of indudbries
'mci,u&ing/ but not Lmited o envivonmenda
WonitoYing  geo chemicel ameadysis,
| metaldungdy , Pharsmaceutical anelysis
L and cdinicall YeSeanch .

Principle

*_;ej}[: 'S A tpe of MasS SPectrometrsy
that USesS ay md.ucﬂx/e@ CDu,P;(E_oQ
o logma. o tonize -the  Sawmple.
1%:& atovnizes +he Sample and crweates
| atomic  amd Smald Po.@a—u:mfc ions,

which ave. “hen Aetected .




i - - n
% T+ is Known and Wled fovr i4+S ablleuw

| L -~ -~ 2 - 4 L

"t{) Cl-f.' T E{ B 73 ™ £—£:n.§.,_':~ i, gg % £ Yax TN -~

Wetals M ;:..i:;.u.id Sawples at very

flowi  Concertrations

-4 Tt Can detect different SoboPes
OF the. Same cflement, (hi
it a Versatile 4ol in 1ISotopic -AGRDELNS.
Components

¥ Peristaltic Puwp

,

} 3 Nebu lizey axva Spray Champer

M Toxch

Q.
pra
o
'l
?":.
/

% PLasmo. Tonizaton Seurce.
2 Interface Region
—% Ton fFocusing Region

v Viass Analyzer
Ly spectral. Interierences

- es {disioyy Recction cosl
X Ton Detectors

- WoT K?mg

% The Sample Solution i3 intreduced ints £he
device by wmeans of a feristalic Pume.

% There it becomes wmebulizea in A
5?3‘15 CthT1L>€3'~




¥ The wesulting aerolok is injected mto 31
an asgen- Pladyna. that hag a +owperature

04 booo - gooo K~ |

X Inside the ?ias me. torch Soluston 1S
Temaved aﬁa’ﬁm the. Sawele and also
Ao i Ziﬁon ggmcﬁ\ [on; ZatioN oCCwr.

skimmer cone
' l sampler cone

central quartztorch

l
|
!
( ion ‘ oochamnel | torch injector
| - | mass optic ‘ - hamb
oo g [messr L | SEDE pl clomic spray chamber
\ .J— spectromeler \ ) S . jY '
Q """ e _—r-l ' nebulizer Sample
| 1
oco — M1 Solution
: detector .| | |RFloadcoil ~ Ar A peristaltic
p]asmaau.miliar;,r A pump
differentially gas s J
. pumped carrier
! interface ‘ gas
. lon
lon lon extracy Plasma jj Iron . . ’
! |detection ||separation || -tion Ilsampling" source I | Sample introduction |

Fig. 5.12. Working flow of ICP-MS

X To be Processed efficientdy inthe Plodma,
Sawmples must be in either 3'01.9 oY Vapor
Form. | | "

% ondy a Smald  awmoumt poxt of the ions
pyoduced in the PLasma Fwsthey  pPenetyate.
to the Mags - SpPectrometer pamt.

X fftey Mass  Separation jong MLt be
detected amd  amplified in ovder to
dotormine their Intengites.




|

L gectson o wlpliers can detect otyeme.(a)
Sroadd ion  curvents, ncluding e ver single
f()‘nS/ Ce,mins f¥vorn the wWass ama.,(.y AL

%Theg OPe,.‘é'o:{:a, onthe. Pyinciple o4~ Secomfmfj

e Lo cson emiS&?on, lh wrhich C’hcw}jeae

Pastrcles  with .scq}fden-t energy meidont

oN c:L ‘otynoe@a' Stemulote the emiSSion af

eloctsons  Syom the Swiface.

Advantzges

X Q womtitateve. CLhaJ}-_HS(\S 'S +the Funmdamental
+oodl wsed to dotoxr mine. analyte

CCon centyations ) wnKnhown Samples.

¥ TIncyeased Sensitivity and wide. dynamic
Yange.

% eoctremely low Ap_-baa-tmn Limite

‘—}G A dawge Ainear Tenge_

36 PoSSi brlities o Ao_fo_ct jSotefe compostion
| of elements

¥ wide edomental coverge.
%E:ct'reme.ﬂﬂ Low Detnction Limies. Q‘”\S/r__>
K Fast Andgsts £imes

X Stmple  Spectvo.

M TSotopic  Indor ma-tion

A High Productiviey




| Disad vantages

¥ High Capital cost of the instrumentation

M| ower Precision Compaved with
otomic @abSoreHBon SJpectwo metry

e Total  dissolved sadts should be less

+han looo PPM
X Severe. matric effects
% Heaniey edoments Such as lead. awe
weld — suid For Tor-MS analysis,
Whereag Lighter elements ave Prone to
more. intesference.
AppLi Cations
- Simple_ 6 etal cma,ﬂﬁsis chrfng 'meﬁcxi
based Adaug  development

X ITweosity  JUmit tests
X Me:f:aLS Pyesent 1M A ctive_ Phavmaceuﬁcd
Tngredlients

¥ Quality Contnf Tests of Natwrad
| Products Jor -tosic vpuwrities testing

X Monitoring wmetabolites of- ay
odministered Arug .




X petection of welal impagikics  daaen
_,.Qi:"‘ alh a:h,te__ F’a.{' Kt‘llj iﬂH o ten ni

X For elementad Cpeciation

X Pharma ceptical Waste . wader meni-loring

e Ay it abcn Lo




